=——1 AEDCTR78-63

!

Il

i
/]
\

A COMPUTER PROGRAM FOR THE AERODYNAMIC
DESIGN OF AXISYMMETRIC AND PLANAR
NOZZLES FOR SUPERSONIC AND
HYPERSONIC WIND TUNNELS

J. C. Sivells
ARO, Inc., a Sverdrup Corporation Company

VON KARMAN GAS DYNAMICS FACILITY
ARNOLD ENGINEERING DEVELOPMENT CENTER
AIR FORCE SYSTEMS COMMAND
ARNOLD AIR FORCE STATION, TENNESSEE 37389

December 1978

Final Report for Period December 1975 — October 1977

Approved for public release; distribution uniimited.

Prepared for

ARNOLD ENGINEERING DEVELOPMENT CENTER/DOTR
ARNOLD AIR FORCE STATION, TENNESSEE 37389



NOTICES

When U. S. Government drawings, specifications, or other data are used for any purpose other
than a definitely related Government procurement operation, the Government thereby incurs no
responsibility nor any obligation whatsoever, and the fact that the Government may have
formulated, furnished, or in any way supplied the said drawings, specifications, or other data, is
not to be regarded by implication or otherwise, or in any manner licensing the holder or any
other person or corporation, or conveying any rights or permission to manufacture, use, or sell
any patented invention that may in any way be related thereto.

Qualified users may obtain copies of this report from the Defense Documentation Center.

References to named commerical products in this report are not to be considered iri any sense
as an indorsement of the product by the United States Air Force or the Government.

This report has been reviewed by the Information Office (OI) and is releasable to the National
Technical Information Service (NTIS). At NTIS, it will be available to the general public,
including foreign nations.

APPROVAL STATEMENT

This report has been reviewed and approved.

Project Manager, Research Division
Directorate of Test Engineering

Approved for pubiication:

FOR THE COMMANDER

R ot pps Corwraly”

ROBERT W. CROSSLEY, Lt Colonel, USAF
Acting Director of Test Engineering
Deputy for Operations




UNCLASSIFIED -

REPORT DOCUMENTATION PAGE 1 neroas COMPLETING FORM

1. REPORTY NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER
AEDC~TR-78-63

4. TITLE rand Subtitle) 5.. TYPE OF REPORT & PERIOD COVERED
A COMPUTER PROGRAM FOR THE AERODYNAMIC Final Report, Dec 1975 -

DESIGN OF AXISYMMETRIC AND PLANAR NOZZLES [Qet 1977

FOR SUPERSONIC AND HYPERSONIC WIND TUNNELS |6 PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s} 8. CONTRACT OR GRANT NUMBER(s)

J. C. 8ivells, ARO, Inc., a Sverdrup
Corporation Company

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK
Arnold Engineering Development Center AREA & WORK UNIT NUMBE RS

Air Force Systems Command ‘ Program Element 65807F
Arnold Air Force Station, Tennessee 37389

11, CONTROLLING CFFICE NAME AND ADDRESS t2. REPORT DATE
Arnold Engineering Development Centexr/0QIS December 1978
Air Force Systems Command 13. NUMBER OF PAGES
Arnold Air Force Station, Tennessee 37389 148
14. MONITORING AGENCY NAME & ADDRESS(If different from Conirolling Olfic.e) 15. SECURITY CLASS. (of this report}
UNCLASSIFIED
15a, gggé_é\gilglCATION’DOWNGRADING
N/A

6. DISTRIBUTION STATEMENT fof this Report)

Approved for public release; distribution unlimited.

17, DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if diiferent frem Report)

18. SUPPLEMENRTARY NOQTES

Available in DDC.

19, KEY WORDS {Continua on reverse side if necessary and ldentify by block number)
wind tunnel design boundary layers
transonic nozzles
supersonic nozzles
hypersonic nozzles
exhaust nozzle performance computer program

20. ABSTRACT (Continue on reverae side if necassary and ldantity by block number) ] .
* A computer program is presented for the aerodynamic design of

axisymmetric and planar nozzles for supersonic and hypersonic wind
tunnels. The program is the culmination of the effort expended at
various times over a number of years to develop a method of de-
signing a wind tunnel with an inviscid contour which has contin-
uous curvature and which is corrected for the growth of the
boundary layer in a manner such that uniform parallel flow can be

DD . 5:3'*73 1473 EDITION OF 1 NOV 65 15 OBSOLETE

UNCLASSIFIED



UNCLASSIFIED

20. ABSTRACT (Continued)

expected at the nozzle exit. The continuous curvature is
achieved through specification of a centerline distribution

of veloecity (or Mach number) which has first and second deriva-~
tives that 1) are compatible with a transonic solution near

the throat and with radial flow near the inflection point and
2) approach zero at the design Mach number. The boundary-layer
growth is calculated by solving a momentum integral equation

by numerical integration.

AFSC
Arpeld AFS Tenn

UNCLASSIFIED




AEDC-TR-78-63

PREFACE

The work reported herein was conducted by the Arnold Engineering
Development Center (AEDC), Air Force Systems Command (AFSC). The results
of the research were obtained by ARO, Inc., AEDC Division (a Sverdrup
Corporation Company), operating contractor for the AEDC, AFSC, Arnold
Air Force Station, Tennessee, under ARQO Project Numbers V33A-A84A and
V32ZA-P1A., The Air Force project manager was Mr. Elton R. Thompson.

The manuscript was submitted for publication on September 12, 1978.

The author wishes to acknowledge the assistance of Messrs., W, C.
Moger and F, C, Loper, ARO, Inc., for providing the basic subroutines
for smoothing and spline fitting, respectively, which were adapted for
use with the subject program. Mr. F. L. Shope, ARo; Inc., provided
technical assistance in the preparation of this report. Prior to the

publication of this report, the author retired from ARO, Inc.



CONTENTS

1.0 INTRODUCTION. . . + & v v v 4 v v & & & &

2.0 TRANSONIC SOLUTION . . . .« « + « « . « . .
3.0 CENTERLINE DISTRIBUTION . . . . . . . . . .
4.0 INVISCID CONTOUR . . + &+ v v 4 o & o o « .
5.0 BOUNDARY-LAYER CORRECTION . . . . . . . . .
6.0 DESCRIPTION OF PROGRAM. . . . . . . . . . .

7.0 SAMPLE NOZZLE DESIGN . . . . . . . .+ . . .
8.0 SUMMARY . . v v & 4 ¢« v o v 4 o o o o v o W
REFERENCES. . . . . . . + + + o « o o o .

[LLUSTRATIONS

Figure
1. A Foelsch-Type Nozzle with Radial Flow at the
Inflection Point . . . . . . ., . . . e e e
2. Nozzle with Radial Flow and a Transition Region
to Produce Continuous Curvature., . . . . . . . .
3. Nozzle Illustrating Design Method of Ref. 13 . .
4, Nozzle Throat Region . « + ¢« « « ¢« + v & & « « &
5. Relationghips Obtained from Cubic Distribution
of Velocity from Sonic Point to Point E for
Axisymmetric Nozzle. . « ¢ v ¢ v & v v s o o & &
6. Limitations of Fourth-Degree Distribution of
Mach Number from Eq. (3%9). . . . . « + « «+ + « &
7. Characteristics Near Throat of Nozzle with R = 1
8. Variation of Wake Parameter, T, with
Reynolds Number (Incompressible) . . . . . . . .
9. Variation of Skin-Friction Coefficient with
Reynolds Number (Incompressible) . . . . . . . .
10. Varlation of Velocity Profile Exponent with

Reynolds Number Based on Boundary-Layer

Thickness . . « ¢« « & ¢ o« = o o s+ o &

AEDC-TR-78-63

Page
. 5
. 10
. 15
. 20
. 24
. 34
. 38
. 41
. 41
. 6
8
. 9
. 18
. 19
. 23
. 28
. 29
. 30



AEDC-TR-78-83

A,
B.
C.
D.

TABLE

Input Cards for Sample Design. . .

APPENDIXES

TRANSONIC EQUATIONS: « o o« ¢ & o +
CUBIC INTEGRATION FACTORS. . . .

INPUT DATA CARDS ¢« & 4 o 4 « & « o =
COMPUTER PROGRAM + « v & & ¢ + v o &«

NOD{ENCLATURE - L] L4 L] L] - * - - - - .

45
49
52
61

139



AEDC-TR-78-63

1.0 INTRODUCTION

Supersonic and hypersonic wind tunnel nozzles can be placed in two
general categories, planar (also called two-dimensional) and axisymmetrie,
Early supersonic nozzles (circa 1940) were planar for many reasons: the
state of the art was new with regard to both the design and the fabrica-
tion; the expansion of the air - the usual medium - was in one plane
only, thereby simplifying the caleculations and requiring two contoured
walls for each test Mach number and two flat walls which could be used
for all the Mach numbers; and the relatively low stagnation temperature
and pressure requirements did not create dimensional stability problems
in the throat region. Dimensional stability would in later years become

a primary factor in the development of axisymmetric nozzles.

Prandtl and Busemann, Ref, 1, laid the foundation for determining
the inviscid nozzle contours by the method of characteristics. Foelsch,
Ref, 2, simplified the calculation of the contour by assuming that the
flow in the region of the inflection point was radial, as if the flow
came from a theoretical socurce as illustrated in Fig. 1. The downstream
boundary of the radial flow is the right-running characteristic AC from
the inflection peint, 4, to the point, €, on the axis of symmetry where
the design Mach number is first reached. The flow properties aleng this
characteristic can be readily calculated; and inasmuch as all left-
running characteristics downstream of the radial flow region are straight
lines in planar flow, the entire downstream contour can be determined
analytically. Upstream of the inflection point, it was assumed that the
source flow could be produced by a contour which was a simple analytic
curve. In the Foelsch design the Mach number gradient on the axis is
discontinuous at the juncture of the radial flow region and the begin—
ning of the parallel flow region, This discontinuity produces a dig-
continuity in curvature of the contour at the inflection point and at

the theoretical exit of the nozzle,
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Uniform
Flow

C

Figure 1. A Foelsch-type nozzle with radial flow
at the inflection point.

As the state of the art progressed, it became desirable to cover a
range of Mach numbers without fabricating different nozzle blocks for
each Mach number. A limited range of Mach numbers could be covered by
using blocks with unsymmetrical contours which could be translated
relative to each other to vary the mean Mach number in the test section.
The widest range of Mach numbers with acceptably uniform flow in the
test section has been obtained in wind tunnels in which the contoured
walls consist of flexible plates supported by jacks which can be adjusted
to vary the contour to suit each Mach number. Inasmuch as the curvature
of a plate so supported must be continuous, methods of caleculating
contours with continuous curvature were developed (Refs. 3, 4, and 5)
by introducing a transition region, A B C J, downstream of the radial
flow region (see Fig. 2). The shape of the wall between points A and J
was controlled to give continuous curvature. The contours used for the
von Kédrmdn Gas Dynamics Facility 40~ by 40-in. Supersonic Wind Tunnel
(A) at AEDC were obtained by the method of Ref. 3. Not only 1s a
continuous-curvature contour easier to match with a jack-~supported plate,

but it also satisfies the potential flow criterion for zero vorticity,

dg/dn = Kq (1

where q 1s the velocity measured along a streamline of curvature K and n
is the distance normal to the streamline. Inasmuch as the Inviscid
contour is a streamline, this criterion implies that the flow will be

disturbed where a contour has a discontinuity in curvature.
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Flow

Figure 2. Nozzle with radial flow and a transition
region to produce continuous curvature,

The usual wind tunnel criterion concerning temperature is that the
constituents of the gas should not liquefy during the expansion process
required to reach the test Mach number. For the usual pressure levels
involved, ambient stagnation temperatures can be used up to a Mach
number of about five. As the stagnation temperature is raised, dimen-
sional stability becomes more difficult to maintain in a planar nozzle.
Therefore, axisymmetric nozzles are used when elevated stagnation tem-
peratures are involved. Axisymmetric nozzles have also been used for
low-density tunnels (Ref. 6) because their boundary-layer growth is more
uniform than that of planar nozzles, which inherently have transverse
pressure gradients on the flat walls. The obvious disadvantage of
axisymmetric nozzles is that each one must be designed for a particular
Mach number. Moreover, disturbances created by imperfections in the

contour tend to be focused on the centerline,

Before the advent of high-speed digital computers, it was extremely
time consuming (Ref., 7) to calculate axisymmetric nozzle flow by the
method of characteristics (Ref. 8). Inasmuch as the assumption of
source flow saved time in designing a planar nozzle, it was logical to
use source flow as a starting point in the design of an axisymmetric
nozzle. In Ref, 9, Foelsch develops an approximate method of converting
the radial flow to uniform flow, Beckwith et al.,, Ref. 7, show that

Foelsch's approximations were quite inaccurate but utilized the idea of
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a region of radial flow followed immediately on the axis by uniform

flow, as in Fig, 1. As in the case of planar flow, the discontinuity in
Mach number gradient on the axis produces a discontinuity in curvature

on the contour (Ref. 10). Such discentinuities have been eliminated by
the design methods of Refs, 10, 11, and 12; here, an axial distribution
of Mach number (or velocity) between points B and C (Fig. 2) introduces

a transition region between the radial and parallel flow regions, thus
gradually reducing the gradient and/or secend derivative to zero from the
radial flow values at the beginning of the parallel flow, As shown in
Fig. 3, the upstream boundary of the radial flow region is a left-running
characteristic from the inflection point, G, to the axis at point E. The
flow angle is the same at points G and A. Both are shown to illustrate

a general nozzle design. As described in Ref. 12, the contour upstream
of the inflection point can be calculated for an axial distribution of
velocity in the region between points I and E, which makes the transition
from sonic values to radial flow values. On the axis, the sonic wvalues
of first and second derivatives of wvelocity with respect to axial distance
were calculated by an adaptation of the transonic theory of Hall, Ref.
13, or Kliegel and Levine, Ref. 14. The upstream limit of these cal~
culations was the left-running characteristic from the sonic point on

the axis,

Inflection Region

—_—-
Uniform Flow

Figure 3. Nozzle illustrating design method of
Ref. 13,
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This characteristic is also called a branch line. Between the theo-
retical location of the throat and the intersection of the branch line
with the contour was a region which was not calculated but which in-
creased in size as the throat curvature increased. This gap in the
contour has been eliminated by the method described herein which util-
izes a right-running characteristic originating at the threoat as shown
in Fig. 4 {(where point I has been moved from the sonic line to the
throat characteristic). With this latest improvement upon the method of
Ref, 12, contours can be designed which have throat radii of curvature
of the same oxrder of magnitude as the throat radii although such an
extreme curvature would not normally be recommended from other stand-
points. A recent (1975) design of a Mach 6 nozzle utilized this method

with a throat radius of curvature of about 5.5 times the throat radius.

SonicLine Branch Line

Throat Characteristic

1

Figure 4. Nozzle throat region.

After the design metheod was developed for axisymmetric nozzles, 1t

was adapted for planar nozzles having a prescribed centerline dis-

tribution of Mach number (or velocity). This approach to such a design

1s considerably different from that of Ref. 5. The current design
method is dIncorporated into the computer program included herein. As an

option in the program, a complete centerline Mach number distribution
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can be used which does not include a radial flow region. Parts of the
computer program are subroutines for computing the boundary-~layer correction
to the inviscid contour, for smoothing the contour, and for interpolat-

ing points at even axial positions by means of a cubic spline fit of the

contour.

2.0 TRANSONIC SOLUTION

In many early nozzle designs, it was assumed that the flow at the
throat was uniform (M = 1) and parallel. This assumption implies that
the wall curvature is zero and that the acceleration of the flow is
zero (i.e., the acceleration starts from zero at the beginning of the
contraction, reaches a maximum in the contraction but is reduced to zero
again at the throat, and must be increased again in the beginning of the
supersonic contour and reduced to zero at the nozzle exit). A nozzle so
designed therefore becomes considerably longer than one in which the
flow reaches 1ts maximum acceleration in the vicinity of the throat,

" where it 1s approximately proportional to the reciprocal of the square
root of the radius of curvature. The above argument indicates the
fallacy of some so-called "minimum length” nozzles, although some
designers have combined a contraction having a relatively high throat

curvature with the supersonic section having zero throat curvature.

For a throat with a finite radius of curvature there have been many
transonic solutions, Hall, Ref. 13, developed a small perturbation
transonic solution for irrotational, per%ect gas flow, in both two-
dimensional and axisymmetric nozzles, by means of expansions in inverse
powers of R, the ratio of the throat radius of curvature to the throat
half-height, or radius. His solution gives the normalized (with the

velocity at the sonic point) axial and normal velocity components in the

form

u=1+lla()”az) +Uh(YIZ) +UC(Y,Z) L e e e s (2)
R R? R®

10
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L
. =[ Vel ]2 [Va(y,z) . vy ly, %) N v (y,#) e ] (3)
(l+o) R R r2 R
where
1
2
- [(1+a R] x (4)
y+1

and x and y are coordlnates normalized with the throat half-height or
radius, Yo The wvalue of ¢ is zero for two-dimensional flow and one for
axisymmetric flow. Kliegel and Levine in Ref. 14 extended the applica-
bility of Hall's axisymmetric solution to lower values of R essentially by

making the substitution
R =71 4572 o973 o, . (5)

where S = R + 1, into Egqs. (2) and (3). 1In the method used herein, the
same substitution is made in Eq. (4) for two-dimensional flow as well as
for axisymmetric flow and therefore becomes a special case of the general
transonic solution described in Ref. 15. The complete general equations

in terms of S are given in Appendix A.

At the throat, x =0, y = Voo V 7 0, for planar flow,

=1+ L - U4-79 (274y® - 861y + 4464)

e e e 6
38 27082 1701088 ©)
du=A[1+L_(32V2+87V‘56”+....] (7)

dx/y, S 54082

and, for axisymmetric flow,
2
go 1+ 1 _ Qd4y-57)  (2364y° — 3915y + 14387) (8)
45 28852 829448°

du -y [1 . 7 - (64y® + 117y — 1026) ... :| (N

dx/y 8S 115252

11
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where the derivatives are with respect to x nondimensionalized by the

throat half-~-height or radius, respectively, and

8o

= 10

On the axis, vy = 0, v = 0, for planar flow,

wol - 1 4 y-Is _ 782y% + 3507y + T76T .
65 27082 2721608°
+m(1+ 1343/2*429?+123+....) ;
Y, 432082
2 9y -3 5
m) (_L_—_al+....>+
Y 5 365
3 2
(ﬂ) (2y% - 33y + 9)/72 + . . . . (11)
yO
and, for axisymmetric flow,
W= 1 - 1 . loy-1s _ 2708y” + 2079y + 2115

45 28842 8294452

2
+X_(l-—_1+92}’+1807‘9+....)+
B

Yo S 115282

(xA 2y =3yl 4
Yo 6 165

(;_AY (4y? = 57y + 20)/144 + . . . . (12)
O

Because the sonic line is curved for finite values of R, the mass
flow through the throat 1s reduced by the factor CD {discharge coef-
ficient), which is the ratio of actual mass flow to that which could

flow if R were infinite and the sonic line were straight. For planar

flow,
Coi2 ] = 7] [1 o dy-24  334y® - 457y 4+ 4353 ] (13)
L 9052 218 378057

12
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and, for axisymmetric flow,

P
Cp=1- y+1 [1 _ 8y—27 | T54y° - 757y + 3615 _J (14)
248 288052

The flow which passes through the throat also passes through the
sonlc area of the scurce flow which is at a distance r1 from the source.

In planar flow,

Y* = yO CD = nrl (15)

or
Yo/t = 7/Cp {16)

where the inflection angle, n, is in radians.

In axisymmetric flow,

ﬂy*2 = TTY?, CD = 27 r% {1 - cos T]) (17)

or 1
¥o/t; = 2 sin (/2)/C}, (18)

In the calculation of the throat characteristic used herein, the
value at x = 0, y = Yoo Eq. (6), is the starting point. The half-height
or radius, Yg» is divided into 240 equally spaced values of y, Inasmuch

as the characteristic is right running, its slope at each point is

dy/dx = tan (¢ - p) (19)
where
stn p = 1/M (20)
Also
1
W-mM({ 2 +277! w2y
(y+1 ’ y+1 ) e
sin ¢ = v/W (22)
and
dy + dp = 9singsing gg (23)
¥

13
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d¢é = dx/cos{pp — p)} = dy/sin(éd - @ (24)

The term ¢ is the Prandtl-Meyer angle in two-dimensional flow,

1 1 1
2 2
¢ o= (Xil) tan ] |:)_’__1 M2 - 1)}2 ~ tan”! (M2 -1 (25)
y—-1 y+1
FEquations (19) and (23) are the characteristic equations and are solved
by finite differences, If all values are known at point 1, the values

at point 2 are found (y is known at both points) by

xy = X, + 2iyy—yy) (26)
tan (g, —p ) + lan((;b2—;12)

1
2

A¢ = [(Yg - Y1)2 v by - "1)2] (27)
: _ a Y1 ) A
Yo = Yy + G|~ By + 2 [lelml + Wzngz} 4 (28)

At the starting point W is the wvalue of u because v = 0, Values of v,
are calculated at each point (x2, yz) from the transonic solution,

and Eqs. (26) to (28) are iterated until convergence is reached. For
evaluating the term in brackets in Eq. (28), the ratio v/y is defined by
the transonic solution even on the axis where both v and y are zero.
This fact eliminates the general problem in axisymmetric characteristics
solutions of evaluating the indeterminate sin ¢/y in Eq. (23) on the

axis of symmetry.

Tt may be noted that the value of W as calculated from the character-

2)1/2 calculated

istic value from Eq. (21) differs from the value (u2 + v
from the transonic equations, but the difference decreases with in-
creasing R. TFor the final point of the throat characteristic which lies
on the axis, the value of d3u/dx3 from the transonic solution for the
axial distribution is "corrected" to make u = W for the axisymmetric
case for values of R less than 12, The correction is about 16 percent

for R = 1 and decreases rapidly as R increases. This correction is made

14
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so that values of du/dx and d2u/dx2 can be calculated from the transonic
solution for later application. The correction is believed to be justified
inasmuch as the accuracy of the transonic solution is limited, particularly
for low values of R, because the series expression for u is truncated

after the x3 term.

3.0 CENTERLINE DISTRIBUTION ’

In the rxadial flow region, the distance r, measured from the source,

is related to the local Mach number by

V+1
(£) - (L s y=l M2) o (29)
‘1 y+1 y+ 1
or
=1
(_r )”": Wi ye1 - oy=1 g2} (30)
0 2 2

First, second, and third derivatives of W or M with respect to r/r1 can
be obtained as described in Ref. 12. Along the axis x = r when x is
measured from the source. TInasmuch as all coordinates must be normalized
by the same factor, ., the transonic equation in terms of x/yo and y/yo
can be transormed by Egs. (16) and (18), after which the distance from
the source to the throat station must be taken into account. This

latter distance is generally unknown until after the distance from point

I to point E is determined.

In radial flow, the term on the right-hand side of Eq. (23) can be

evaluated simply. Inasmuch as sin ¢ = yv/r and df = dr/cos u,

sin ¢ sinpu d&  _ tan p dr
¥ r

but

1
tan p = Mz -1 2

15
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and, from Eq. (29) for ¢ = 1,

deoo _(MP-1)  aM
r 2(14-X§l M3 M
Thus )
vanp dr - _MT-D7 0 aw
r 2(1+Z;*1 M%) M
1
9 2
—1
From Eq. (25), dyy = M- D dm

(1+721 M%) M
2

therefore, Eq. (23), in radial flow, becomes

dlp+d(}5=§d¢ (31)

which applies for characteristic AB or GF., Similarly, for the left-

running characteristic EG,

dg - d¢ = 2 dy (32)
Therefore,
’1{’[; - ‘nbA ={o + Nln = lf’[: - l:b(; (33)
and
Yo = g =lo+ Dy (34)

and, from the design values n and (and/oxr M), M,, M, , W, and
G E

the necessary derivatives can be calculated.

Within the accuraecy of Eqs. (11) and (12), the second derivative of
velocity ratlo at the sonic point is negative for values of R less than
11,767 for planar flow and 10.525 for axisymmetric flow. The second
derivative of Mach number at the sonic point is positive for all values
of R. 1Inasmuch as the second derivative of elther W or M is negative
for source flow, it seems better to use a velocity distribution rather
than a Mach number distribution between points I and E. On the other

hand, a Mach number distribution between points B and C is pfeferable

16
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because the velocity ratio approaches the constant value of HY +
/vy - 1)] /2 as the Mach number increases to infinity; therefore, the
change in velocity between points B and C becomes small relative to the

change in Mach number,

The velocities and their first and second derivatives at points I
and E are used to determine the coefficients of the general fifth degree
polynomial

W= Q)+ CpX + X2 v CyX% 4 G Xt 4 X5 (35)

where
X =(x - xI)/(xE - xp (36)
Similarly, the Mach numbers and their first and second derivatives at |

points B and C are used to determine the coefficients of the polynomial
M =D+ DygX + DgX2 + D, X3 & Do X* + Dy X5 (37)

where, in this case,
X = x = xpl/(xg - xp) (38)
and the first and second derivatives at point C are usually set equal to

Zero,

In these equations, the lengths (xE—xI) and (xc—xB) must be specified,

but can be determined by the conditioms that C_ and D6 equal zero,

6
thereby reducing the polynomials to fourth-degree ones., If the velocity
at point E is determined by iteratiomn, the third derivative at peint I
or E can be included as a criterion for the fourth-degree polynomial;

or, by setting C. = 0, one can find a third-degree polynomial with a con-

stant third deriiative. In either case, the Mach number at point B is
found from Eqs. (33) and (34) after the value at point E is found. All
of these options are included in the program, but unless there are other
factors involved, the preferred options are the cubic between points I

and E and the quartic between points B and C.

17
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For the cubic distribution for axisymmetric flow, the Mach number
at point E is related to the radius ratioc as shown in Fig, 5 for v
= 1.4 for various values of inflection angle. Cross plotted are lines
of constant values of the ratio wE/n. Such values for most axisymmetric
nozzles lie in the range covered in this figure, and inasmuch as wF/n

= wE/n + 4, values of M. can also be obtained.

2.8 T T T T T

2.6 -

2.4

Mach Number at Point E

L6

147

1.2 I

L0 I | L L l
0 4 8 12 16 20 24

Radius Ratio (R)

Figure 5. Relationships obtained from cubic
distribution of velocity from sonic
point to point E for axisymmetric
nozzle.

18
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In determining the length of the segment between points B and C,
using the fourth-degree polynomial distribution, there is a minimum
value of the Mach number at point B for the design Mach number at point
C. As given in Ref. 12,

My = Mg + 0.75 Mp2/my (39)
where the primes indicate derivatives with respect to r/r1. This
relationship is shown in Fig. 6. TFor an axisymmetric nozzle designed

for a Mach number greater than about 3.4, the minimum Mach number at

20 T T
18 -
16
14

12 -

10+
Axisymmetric

Design Mach Number at Point C

Planar

0 ] i i 1 I i
0 2 4 6 8 10 12 14
Minimum Mach Number at Point B

Figure 6. Limitations of fourth-degree distribution
of Mach number from Eq. (39).

point B is about two-thirds of the design Mach number, Using such a

value usually causes the length to be excéssive, and more realistic
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values of MB are 75 to 80 percent of MC' It is important, however, as
illustrated in Ref. 16, that the distance between points B and C be
sufficient to allow for accurate machining of the contour between
points A and J, which lie on the characteristics through points B and C,

respectively.
4.0 INVISCID CONTOUR

The flow properties are determined at a desired number of points
along the key characteristics (i.e., the throat characteristiec, TI, as
described earlier (a sub-multiple of 240 is used for subsequent calculations),
the characteristics EG and AB bounding the radial flow region by Eqgs.
(33) and (34) for equal increments in n, and the final characteristic CD
along which the Mach number is constant and the flow angle is zero).
The flow propetties are also determined at axial points from Eqs. (35)
and (37). The network of characteristics is then calculated in the
region TIEG starting at point E and progressing upstream and in the

region ABCD starting at point B and progressing downstream.

The equations for a right-running characteristic were given previously.

dy/dx = tan{sh — p) (19
(Ig/} + dqf) - O’Sin;}? SinE. dé- (23)
where
d& = dx/cos{p ~ p) = dy/sinle - p) (24)
For a left-running characteristic, the equations are
dy/dx = tani¢ + p) (40)
d”b_dd):osingbsing dé (41)
y
where
d¢ = dx/cos (¢ + p) = dy/sin (¢ + @ (42)
Also
dl/;z,_c‘lV_QM:cot#ﬂ (43)
(1+?’~T'I M2y M w
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Values of x, y, ¢, and M are known at the general point 1 on the
right-running characteristic, £, and at the general point 2 on the left-
running characteristic, 7. The characteristics intersect at the general
point 3 where the values are calculated by numerical integration of Eqs.
(23) and (41) along the respective characteristics.

Yy — Wy - (¢3 - ¢2) = Py =

sin <;53 sin By sin (;52 sin o )A
PR e ) )
where
AL = (xg - xy) sec B (45)
and
737 Y - tan B = % tan (hy + pg) + % tan (hy + pg) (46)
XS_ X2
fg — ¥+ ($y ~ @) = Py =
P (sin b, sinp, . sin ¢ sin )Af 47)
2 Vs 1 _
where AE = (x3 - xﬂ sec a (48)
and
Ya™ 7
P— = tan g = % tan (¢, — pg) + %_tan ¢y ~ ) (49)

Adding, substracting, and rearranging gives

by = Ly + 0 - $y v by + Py + P (50)
by = W — ¥y + b+ by - PP - Py (1

In planar flow, P1 = P2 = 0 because ¢ = 0 and Egs. (50) and (51)

can be solved directly, M3 is obtained from ¢3 by the inverse applica-
tion of Eq. (25), and Hy = sin“1(1/M3). In axisymmetric flow, the equa-
tions must be solved by iteration. A useful first approximation for P1

and P, is the radial flow values, P, = (wB - wl)/Z and P2 = (w3 - wz)/2.

2 1
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At all points except on the axis in axisymmetric flow, Eqs. (44)
and (47) are defined because 7y and y, are nonzero. On the axis, the
terms sin ¢2/y2 and sin ¢1/y1 are indeterminate with the form zero/zero.
These indeterminates can be evaluated by assuming that the general
points 1 and 2 on the axis are very close together and that Hy é My = u3

and W, ~ W2 ~ W Equation (41) can be written

3!
1w _ L sin qﬁ sin @ dx
cot g Sﬁi_ déh + »——-—_&—wy cos (6 + 1) (52)
and Eq. 23 can be written
tp 4% - g sin ¢b sin u dx
cot S ¢5+——————F—ycos(¢_#) (53)
as ¢40,¢—‘Sin¢,(}5t#—>t#
and tan g = Ye o _ Y3
X3 - X2 Xl - X3
Tn finite-difference form,
C"“j“s Wy ~ W) = ¢y + sin by ta: g (g — %)
3 3
L By tanpy by = Xp)  sin gy tan py (g~ xy) (54)
Y3 Y3
- 2 sin ¢>3 tan g (x3 - XZ)/YS (55)
Similarly
1 .
“;#3(W1 ~ W) = ¢, + singy tanpg (x; — x3)/y, (56)
3
> 2 sin ¢4 tan pg (Xl - X3)/Y3 (37)
Adding Eqs. (55) and (57) and rearranging,
lim s1in qb - 1 C0L2 # QE
y-0 ¥ ) W dx (58)
, . 2
and sin gy sinpy _ M5-1 [y (59)
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for use in Eq. (44) when point 2 is on the axis, and
sin(“f)I sinp (M%—]) dw
1 oW W, \dx /, (60)

for use in Eq. (47) when point 1 is on the axis.

In starting the calculation of the network of characteristics in
the region TIEG, point E becomes point 1 and the first axis point up-
steam of point E becomes point 2. The complete left-running character-
istic approximately parallel to EG is calculated, and the point on the
contour is determined from mass flow considerations as described in Ref,
17. The flow properties along this characteristic are then used to
calculate the next left-running characteristic, again starting on the
axis. This process is repeated until point I is reached, after which
the starting point for each left-running characteristic is a point on
the throat characteristic as illustrated in Fig. 7. The process in
region ABCD is similar except that right-running characteristics are

calculated for each peint on the contour.

1.4 T T T T T | | T T

1.2

LORK

0.8

0.6

0.4

0.2

0 ! :
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 16 1.8 2.0

Figure 7. Characteristics near throat of nozzle
with R =1,
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5.0 BOUNDARY-LAYER CORRECTION

To each ordinate of the inviscid contour must be added a correction
for the boundary-layer growth to obtain the wviscid or physical contour
of the nozzle, Except for very low stagnation pressures, the boundary
layer is assumed to be turbulent, Generally, the boundary-layer cor-
rection will be made for one design condition of stagnation pressure and
temperature although it is theoretically possible to reshape a flexible-
plate type of planar nozzle to account for different boundary-layer
thicknesses corresponding to different stagnation conditions. The
correction for a planar nozzle is usually applied to the contoured walls
only, but the correction also allows for the growth of the boundary
layer on the parallel walls in order to maintain a constant Mach number
along the test section centerline, Therefore, the correction applied is
greater than the displacement thickness on the contoured walls, and the
flow in the test section is diverging in the longitudinal plane normal
to the contoured walls. 1In the longitudinal plane normal tc the parallel
walls, the flow is converging because of the boundary-layer growth;
moreover, there is a tendency for the boundary layer to be thicker on
the wall centerline because of the transverse pressure gradients present
on the parallel walls. Although these physical effects make a true
correction impossible for a planar nozzle, the calculations described
herein are made as if the cross section were circular, with the cir-
cumference at each station equal to the periphery of the actual rec-

tangular cross section,

The method of calculating the boundary-layer growth is based on
obtaining a solution to the von Kdrmdn momentum equation written for

axisymmetric flow.

ﬁ-»—@li 2-M?+ H a4 1 dLV]:Ei sec ¢ 61
dx M[1+ -1 M) dx T, dx 2 " (61)

The term Bi/rw)(drwldxﬂ becomes an effective one for planar flow as

just described, For either type of nozzle, the inviscid value is used
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as a first approximation. The entire solution is iterated several times
with new values of r, and er/dx = tan ¢w obtained each time by adding

vectorially the displacement thickness to the inviscid contour.
The value of momentum thickness used in Eq. (61) is defined by

o () () () 62)

w [+

where z 1s measured normal to the wall.

Also
oy

& =10 - f (l—zc:’—”f’w)(lﬂﬁ%:) dz, (63)

a w

The quantities &% and 9 may be considered to be the displacement and
momentum thicknesses when the boundary-layer thickness is small with
respect to the radius, r . These values are related to total values
5% and Ga, obtained from mass—-defect and momentum—defect considerations
by

5 = & -~ 5;2 cos cf)w/.‘er (64)
and

g =10, ~ 92 cos ¢ /2r (65)
Because r = 63 cos ¢W + y, where y is the inviscid radius, Eq. (64) may

be rearranged to give

1
5y = 8 + (3+% 4y sec? $ )7~y sec ¢, (66)

w

For the final correction, the value 62 sec ¢w is added to the inviscid

radius in order that no correction be made to the longitudinal location.

The integrations of Eqs. (62) and (63) are performed numerically
using Gauss' 16-point formula, with the assumption of the power-law

velocity distribution

q, = (&N (67)
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and
plp, = T/T (68)

where
T =T, + a(T,, - T,) /9, + ['Fe -~ a UFaW - T,) - ’FW] (q/qe)2 (69)

W

which is Crocco's quadratic temperature distribution if o = 1, However,
as shown in Ref. 12, a value of ¢ = 0 gives a parabolic distribution
which agrees better with data obtained in hypersonic wind tunnels with
water—-cooled walls. The same distribution is obtained if Tw = Taw’
which is likely to be the case for planar, flexible-plate nozzles,
Before using the Gaussian integration, one must replace the values of z
and dz with ﬁ(q/qe)N and 1\1(’S(q/qe)1\1—1 d(q/qe), respectively, in order to

avoid the infinite slope, dq/dz, when q and z equal zero.

The value of the compressible skin friction coefficient, Cf, in
Eq. (61) is assumed to be related to an incompressible value, Cf ,
i
by a factor Fc’ introduced by Spalding and Chi, Ref. 18,

FC Cf = C{i (70)
and Cf is related to an incompressible Reynolds number, Re , which is
related to the compressible value, Re , by a factor FR ’ +

c §
Fn_ Ry =R

Rg 0, 6. (71)
The factor Fc’ also used by van Driest, Ref. 19, is given by

1 1 -2

F, - [f(p/pe)ﬁ d(q/qe):| (72)

which uses Egs. (68) and (69). In Refs, 18 and 19, a value of o = 1
was implied, but Eq. (72) 1is used herein with o = 0 also, to give
a "modified” value of Fc' The factor Fc may be considered to be the
ratio of a reference temperature to the free-stream temperature. The
factor FR5’ as used by van Driest, is

Frg = toltu (73)
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The compressible momentum thickness, Gc, upon which Re is based is

the flat-plate value ¢
)
8. = I - 4} £9 gz
C ‘[ ( qe ) Peqe z (74)
because the values of Fc and FR were developed to correlate flat~

plate data, 8

The equation used herein for incompressible skin-~friction coef-~

ficient is that of Ref, 20,

c - 0.0773
i~ {log Ry +4.561) (log Ry — 0.546) (75)
i i
This equation is believed to agree with experimental data slightly
better than the von K&rmin-Schoenherr equation,

_ (0.242)2
i~ Tog Ry + 1.1696) (log Ry + 0.3010) (76)

at high Reynolds numbers. Also as shown in Ref., 20, Eq. (75) agrees

with the equation, Ref. 21, based on Coles' law of the wall and law of

the wake,
1
K (2/Cf.)2 = I Rg + 0.5 n (C;/2} + «C + 211 (77
if Il varies as shown in Fig. 8 from about 0.41 at RO = 400 to a maximum
of 00,5885 at Re = 50,000 and then decreases to about 0.49 at Re =

107. In order %or Eq. (76) to agree with Eq. (77), I must conti%ually
increase with increasing Re as shown in Fig. 8. The data shown in Fig.
8 were computed by Coles iniRef. 21 from Wieghardt's flat plate data,
Ref., 22, A comﬁarison of friction coefficients from Eqs. (75) and (76)
is shown in Fig. 9 together with Wieghardt's values as recomputed by
Coles, The constants k and C are 0.41 and 5.0, respectively. The
relationship between Bi and § is obtained from the logarithmic wvelocity

profile by neglecting the laminar sublayer, representing the wake function

L2, . . . ;
by a sine” distribution, and integrating to obtain

1
2

% _ 1.m (if_) (78)
b} K 2
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and
g, &* Cp. 9
Zio= Zio— 0 {2 4 317911 + 15119 7
& o 2K (79)
0.7 T T TTTTT T T TTTTH TTTTTTT T T
0.6 -
0.5 + From Egs. (75} and (77}
T From Egs. (76) and (77
Data Tabulated in Ref. 21;
0.4 Identified as Wieghardt Flat Plate Flow .
0.3 —
0.2 |- o
Gl NIRRT L0t Lol 1oLl
102 104 10° 106 10
Rai
Figure 8. Variation of wake parameter, I, with

Reynolds number (incompressible).

The value of N in Eq. (67) is assumed to be a function of Reynolds

number based on the actual boundary thickness, not corrected by F

R »

and is evaluated through the use of the kinematic momentum thicknegs

] / 1 {1 ) d
k=‘u/‘q—e ( "q—e—) Z
from which
6,/8 = N/(N* + 3N + 2)
or
N=L§£—3+ii—6 + 1
216k 6k ek

28

(80)

(81)

b2 s

T tm—

(82)



AEDC-TR-78-63

;R

0,006 CTTTTITH — 1T T 1711000 Ty TTn T T T TVTII T ¢ T TT1T00
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Wieghardt's Flat Plate Data .

Tabulated in Ref. 21
Cs.

0.0

0.00z - Eq. {75)

m.ﬁﬂ-}rh‘

0.001 -

0 L1l Poloe gl Lo L L Ll N | R
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R
8;

Figure 9. Variation of skin-friction coefficient with
Reynolds number (incompressible).

The value of Bk/6 is obtained from Egq. (79), where the value of 1 is
evaluated from Eqs., (75) and (77) with Gk used instead of Gi. The re~

sulting variation of N with R, is shown in Fig. 10,

§
Two options contained in the program subroutine for the boundary
layer utilize Coles' law of corresponding stations (Ref. 23),
C. R .
0 L Tk,
Celg o Ton
Tf Cf /Cf = FC is calculated from Eq. (72) for a = 0 or @« = 1, then one

(83)

optio% gives
FRB = Tw#e/(F‘cTe lu*w) (84)

The second option divdes Eq. (83) into the two parts,

Cfi/cf = Tw P"C/‘TC oy (85)
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and

Rg /Bg = me/ne (86)

where Mo is evaluated at the temperature
L
T, = T, + 17.2(C;/2)? a(T,

C aw

- Tw) - 305(Cf./2) I:a(Taw - Tw) + Tw - Te]
(87)

12 T TTTTTT 1 T T TTTIIT T T TTTTTH T [ TTTTTT0 T T ETTIT

7 L ety L1t L11)LE L1 rrienn I 1 1 rapi L1 11l

104 10 106 1’ 108
Ry

Figure 10, Variation of velocity profile exponent with Reynolds
number based on boundary-Tlayer thickness.

Still another option defines the incompressible skin-friction

coefficient as

C. = 0.0888
fi (lag RS. + 4.622]} (Iog RS. — 1.4402) (88)

where

1 Lo
Rs/Rs = To #(,/(Fi % ) (89)

and Fc is calculated from Eq. (72).
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The wall temperature in the above equations can be the adiabatic
wall temperature or can be allowed to vary between a throat wall tem-—
perature, Tw s and a nozzle-exit wall temperature, TW » both of which

T D
are input to the program. Two options are available for the variation

of wall temperature, a
(r. - 7T ,
0 wp) ("c/"*) "
¥ D (A /JA9Y™ ASAx (90)

where m can be 1/2 or 1, A/A* is the area ratio corresponding to local

Mach number, and AC/A* is the area ratio corresponding to the design Mach
1

number at the nozzle exit, Equation (90) is used in lieu of more
accurate values and approximates the way the heat transfer decreases as
the Mach number increases from 1 at the throat to the design value at

the exit., For a water-cooled threat, the value of Tw can also be

calculated by the program, T

h T+ QT = 15)

Ty = D (91)
T h +Q

where ha is the airside heat-transfer coefficient at the throat as
calculated by Reynolds analogy from the throat skin-friction coef-
ficient

ol —-2/3
b, = Pe qe("ppr / Cf/2 (92)

a

with a constant specific heat based on the thermochemical BTU

}/Rg

G =
P {y — 1) 777.64885 (93)

and Q 1s an input which is a function of the properties of the throat
material, the cooling water, and the geometry and would be a constant if
the properties were constant. The assumption is made that the bulk

temperature of the water is 15°F less than Tw and that Pi/3

is the
square of the recovery factor used to obtain ghe adiabatic wall tempera-

ture, T .,
aw
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For the integration of Eq. (61), the values of x, y, dy/dx, M,
and dM/dx are obtained from the inviscid contour at unevenly spaced
points as a result of the characteristics solution., With the inputs of
stagnation pressure and temperature, gas constant, and recovery factor,
the unit Reynolds number and static and adiabatiec wall temperatures can
be calculated at the same ﬁoints as functions of Mach number with

Sutherland's equation used for viscosity. With the inputs of Tw and
TW , the wall temperatures can also be calculated as functions of Mach

D
number, although Tw may need to be obtained by interation if the
T
option to input a value of Q is exercised. Sutherland'’s equation is

also used with wall temperatures to obtain the viscosities at the wall,
For any static temperature below the Sutherland temperature, 198.72°R as
used herein, the viscosity variation with temperature is assumed to be

linear.

The integration of Eq., (61) is started at the threat where 1t is
assumed that d8/dx = 0 in order to obtain a wvalue of 6., TIteration is

involved at each point because C_ is a function of Reynolds number based

upon 6, and the relations 8/§ ang §%/6 depend upon the value of N,

which is a function of Reynolds number based upon 6. After all itera-
tions converge within specified tolerances, the value of 63 is calculated
from the value of &%, and the values of 6 and d§/dx are used in the
calculation at subsequent points. The values of d8/dx are integrated
numerically to obtain the increment in 6 to be added to a previously
determined wvalue of 6. The trapezoidal rule is used to determine the
second point, the parabolic rule for the third point, and cubic integra-

tion for the fourth and subsequent points.

For convenience, Eq. (61) may be written 6 + 6P = Q. The general

integration for the nth point is

’

6, = 6[\—3 * Gn—3 6n-3 + Gn-—2 8r;—2 + Gn—l 0

s

n

+ G 6. (94)

n—1I n
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where the G's are functions of the spacings s, t, and u between the
points and are given in Appendix B. Except for Bn and 6;, the other
values in Eq. {94) are known from previous calculations. TInasmuch as

0y = Q- Py 6, (95)

Eq. (92) can be rearranged to give

6 = O3t CngbpatCop@rpt Gy G+ 6,Q) (96)

n y
(1 + (,nl’n)

After convergence of the iterations, Eq. (95) is used to obtain d6/dx.
Inasmuch as Eq. (94) depends upon the knowledge of Gn_3, the value of

en—2 is calculated by

500 + Vg8 o+ Fy0;  + Fo (97)

which becomes the 8n—3 for the next point to be calculated. The values

6:1—-2 = 6n--3 * "‘n—

of the F's are also given in Appendix B. The values of 62 and 63 obtained
from Eq. (95) are used in the calculation of &% and 6: instead of the

initial values obtained by the trapezoidal or parabolic integration,

The success of the above type of integration depends upon the
spacing of the points, The values of the increments s, £, and u must
be of the same order of magnitude, although t is usually larger than s
and smaller than u if the parameters involved in the characteristics

solution are selected with care.

After the values of 6: sec ¢W are calculated, the values of
d(6§ sec ¢W)/dx are obtained by parabolic differentiation and added to
the invisecid values of dy/dx to obtain drw/dx. This procedure is believed
to be more accurate than differentiating the value (§§ sec ¢W + y)
because dy/dx is obtailned directly from the characteristics solution and

not by differentiating y with respect to x.

In general, the boundary-layer correction at the throat will have

a gradient such that the viscid throat will be slightly upstream of the
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inviscid throat. This displacement and the value of the viscid curva-
ture at the throat are calculated using the assumption that both the
inviscid throat and the boundary-laver correction are parabolic in

shape.

6.0 DESCRIPTION OF PROGRAM

The computer program is written in Fortran IV for use with the IBM
370/165 Computer. The program consists of a main section, three functions,
and 16 subroutines arranged so that the program can be overlaid to
conserve computer storage. The four overlays consist of AXIAL, CONIC,
SORCE, and TORIC; PERFC; BOUND and HEAT; SPLIND and XYZ. The input
data cards are described in Appendix C, and a listing of the program is

given in Appendix D.

Program MAIN. MAIN calls for the various overlays. The title card is

read in with the designation as to whether the nozzle is planar or
axisymmetric. A card defining the gas properties and a few pertinent
dimensions is then read in. The first subroutine called is AXTAL, in
which the upstream axial distribution is defined. PERFC is called to
calculate the upstream contour, AXIAL is recalled to define the dowmstream
distribution, and PERFC is recalled to calculate the downstream contour.
BOUND is called to calculate the boundary-layer growth, SPLIND is
called to determine the coefficients of cubilc equations to fit the
unevenly spaced points along the contour, and X¥YZ uses these coeffici-
ents to obtaln ordinates at evenly spaced points along the axis or, in
the case of the planar nozzle, at discrete points along the surface of

the flexible plate at which the supporting jacks are located.

Subroutine AXIAL. In this subroutine, cards are read in with the

parameters used to define the axial distributions of velocity and/or
Mach number and with integers which define the number and spacing of the

points on the axis and on the key characteristics and the sequence of
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subsequent calculations. If the throat characteristic is called for,

the upstream end of the upstream distribution starts at the intersection
of the throat characteristic and the axis. An option can be exercised

to not use the throat characteristic and tﬁereby start the distribution
at the point where M = 1, This option would normally be used for a
nozzle with a large throat radius of curvature, e.g. a planar nozzle, or
if it were desired to repeat a calculation as in Ref. 13. Another option
is to aveid a radial flow section altogether by using a polynomial dis-
tribution from the throat to the beginning of the test cone or rhombus.
Other options will be described in Appendix C when the input cards are

discussed.

Subroutine BOUND, This subroutine is used to calculate the turbulent

boundary-layer correction to the inviscid contour. The stagnation
conditions are input, as are the parameters to describe the wall tem-
perature distribution, the temperature distribution in the boundary

layer, and the factors relating the compressible skin-friction coefficients

to incompressible walues.

Subroutine CONIC. This subroutine is used within AXIAL to give the

derivatives of Mach number with respect to r/r1 in radial flow from Eq.

(29).

Function CUBIC. This subroutine is used to obtain the smallest positive

root of a cubic equation.

Function FMV. This subroutine determines the Mach number for a given

Prandtl-Meyer angle.

Subroutine FVDGE. This subroutine is used within PERFC in conjunction

with NEO to smooth the inviscid cocordinates as desired,
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Subroutine HEAT. This subroutine is a dummy called by BOUND but 1is

included so that with a more elaborate subroutine a heat balance can be
made to determine the wall temperature if the material conductivity is
specified and the cooling water passage geometry and quantity of flow

are specified.

Subroutine NEQ, This subroutine is used with PERFC in conjunction with

FVDGE to smooth the inviscid coordinates as desired by modifying the
ordinate such that the second derivative is more nearly linear after

smoothing than beforehand.

Subroutine OFELD. This subroutine is used within PERFC to calculate the

properties at the intersection of a left- and a right-running char-

acteristic.

Subroutine OREZ. This subroutine is used to make all values of an array

equal to zero prior to a new calculatiom.

Subroutine PERFC. 1In this subroutine, the properties along the key

characteristics are first calculated to go with those along the axis.
The intermediate characteristics are then calculated and the contour
points obtained by integrating the mass flow crossing each character-
istic, If desired, certain designated intermediate characteristics may
be printed out. If smoothing of the ordinates 1s desired, the inputs
associated with the smoothing are read and the smoothing applied.
Inasmuch as the wall angle is interpolated from mass-flow considera-
tions, independently of the coordinates, the wall slopes are integrated
from the inflection point toward the throat for comparison with the
interpolated ordinates. Parabolic integration is used for this purpose
as well as for the mass flow. Also calculated for comparison are the
ordinates of a parabola and a hyperbola which have the same radius
ratio, R, inasmuch as the transonic scolution should be equally applic~

able to these shapes for the number of terms retailned In the series,
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Eqs. (2) and (3). Finally, the scale factor, the value of r, in inches,

1
is applied to obtain the inviscid coordinates in inches, and the abscis-

sas are also shifted as desifed.

Subroutine PLATE. This subroutine is also a dummy to allow additional

calculations to be made for a flexible plate contour after the coordinates

at each jack location have been interpolated by SPLIND and XYZ.

Subroutine SCOND. This subroutine is used in BOUND, NEO, and PERFC for

parabolic differentiation of coordinates to obtain the slopes, or of

slopes and abscissas to obtain second derivatives., Three points at a

time are used to establish the parabola, and the slope is obtaimed at

the center point. The slopes at the first and last point are also obtained,

but with less accuracy.

Subroutine SORCE. This subroutine 1s used within AXTAL to give the

derivatives of velocity ratio, W, with respect to r/r1 in radial flow

from Eq. (30).

Subroutine SPLIND, This subroutine computes the coefficients of cubic

equations that fit the unevenly spaced points obtained from the char-
acteristics solution. The initial and final slopes are used together

with the coordinates to determine the cubic coefficients.

Function TORIC. If the velocity gradient 1s known at the axial point

where M = 1, this function gives the value of radius ratio, R, which
would produce such a gradient from the transonic theory used, This
function is used in AXTAL if the option is exercised of specifying the
Mach number at point F but not specifying the value of R. It is also
used to determine the value of R for calculating streamlines other than

the contour itself,
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Subroutine TRANS. This subroutine calculates the threat characteristic

from the transonic theory. 1In AXTAL, at the point where the throat
characteristic intersects the axis, the derivatives of welocity and
Mach number are used to determine the coefficients of the polynomial
describing the axial distribution, In PERFC, the flow properties along
this key characteristic are used at the number of points specified as

one plus a submultiple of 240,

Subroutine TWIXT. This subroutine is used in PERFC and BOUND to inter-

polate the ordinate and other properties at a specified point. A four-
point Lagrangian interpolation is used with two points on either side of

the specified point.

Subroutine XYZ. This subroutine uses the cubic cocefficients obtained in

SPLIND for calculating the ordinate, slope, and second derivative at
specified values of the abscissa read as inputs in the MAIN section of
the program. The points may be at even intervals in the abscissa or at
arbitrary uneven intervals, The points may be the same points as those
input to SPLIND if a comparison is desired between the derivatives so

determined and those obtained elsewhere in the program.

7.0 SAMPLE NOZZLE DESIGN

The design of a Mach 4 axisymmetric nozzle is selected to illus-
trate use of the computer program, The input cards for the sample
design are given in Table 1., An axisymmetric nozzle is specified by
leaving JD blank (JD = 0) on Card 1. Leaving SFOA blank on Card 2
specifies that the upstream axial velocity distribution is not a fifth-
degree polynomial. Leaving FMACH blank on Card 3 specifies that the
value of FMACH will be computed by the program, and leaving IX blank on
Card 4 specifies a cubice distribution. The computed value of FMACH is

3,0821543, which is greater than the value of BMACH specified on Card 3;
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therefore, BMACH also becomes 3.,0821543, The negative value of SF

means that the inviscid exit radius of the nozzle is 12,25 in. The
value of PP means that the inflection point will be 60 in. downstream of
an arbitrary peoint. Leaving XC blank specifies the dowmstream axial
distribution will be a fourth-~degree polynomial, and the positlve value
of IN on Card 4 specifies a Mach number distribution. The values of MT,
NT, MD, ND, NF, and LR determine the number cf points on the key char-
acteristics and are all odd numbers because each includes both end
points of each distribution which is divided into an even number of
increments. The negative value of NF specifies the contour points to be
smoothed according to Card 5, and the negative value of LR specifies
that the transonic distribution be printed as the first page of the
sample output. The NX value of 13 specifies the spacing of the axial
points between peints I and E to be close together near Point I with the
last increment about 3.17 times as large as the first increment,

(201'3 - 191’3). The JC wvalue of 10 specifies that every 10th left-
running characteristic will be printed for the upstream contour together
with the right-running characteristic through Point E, The smoothing

integers on Card 5 are used to control the smoothing subroutine,

Table 1. Input Cards for Sample Design

CARD 1
ITLE JU
MACH®S4
CARD 2
GAM AR 20 RO VIsC VISM SFOA XBL
lad 17164563 1 0,896 2.26968E~-8 198,72 1000.
CaRD 3
8,67 b 3. b "12025 60,
ETAD RC FMACH BMACH CMC 5F PP xC
CARD &
MT NT Ix IN IQ MD ND NF MP MQ JB JX JC IT LR NX
41 2l 10 4] 49 =61 1 10 =21 13
CAaRD S
NOUP NPCT NODO
50 85 51
CARD 6
PPRQ TO TWT TWAT QFUN ALPH IHT IR 10 Ly
200, 1638, 900, 540, «38 1 5
CARD 7
xST XLOW AEND XINC BJ AMID XInC2 CN
1000. 46. 172, 2,
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For the boundary-layer calculations for stagnation conditions of
200 psia and 1638R, the value of QFUN of 0.38 overrides the specified
throat temperature of 900R and produces the throat temperature of 866R
as indicated on the output. Leaving ALPH blank causes the temperature
distribution in the boundary to be parabolic for both the calculation of
the boundary-layer parameters and the calculation of the reference
temperature. Leaving IHT blank causes the longitudinal distribution of
wall temperature to vary as a square-root function of the area ratio
corresponding to the local Mach number; m = 1/2 in Eq. (90). ILeaving IR
blank causes the transformation from incompressible to compressible
values of skin friction coefficient to be calculated using a modified
Spalding-Chi reference temperature and a Van Driest reference Reynolds
number. Specifying ID = 1 takes into account that the boundary-layer

thickness is not negligible relative to the radius of the inviscid core,

and its positive value causes the boundary-layer calculations to be
printed for the first and last iteration; the number of iterations is

gpecified by the absolute value of LV (LV = 5 for the example).

For the final coordinates, interpolated at even intervals, speci-
fying X8T = 1,000 (the same value as XBL on Card 2) keeps the X-
coordinates consistent with the location of the inviscid inflection

point at 60 in. downstream of an arbitrary point.

The main parameters selected for the sample problem were the inflec-
tion angle, the curvature ratio, and the Mach number at the point B.
The selected values of 8.67 deg, 6, and 3.0821543 (computed), respectively,
are not necessarily optimum but result in a nozzle with an upstream
length of about 14 in. from the throat to the inflection point, a
length of about 31 in., from the inflection point to point J (see Fig. 3),
and nearly 120 in. from the inflection poilnt to the theoretical end
of the nozzle. Such downstream lengths are probably conservative and
could be reduced to some degree although experience with Mach 4 axisym—

metric nozzles is very limited.
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The number of points used on the key characteristics should be con-
sistent with the number of points used in the axial distributions in
order that the individual nets in the characteristics network should not
become too elongated (e.g., see Fig, 7). The spacing of the points on
the final contour should also progress in an orderly manner. Several

trials may be necessary to optimize the various inputs to the program.
8.0 SUMMARY

A method and computer program have been presented for the aero-
dynamic design of planar and axisymmetric supersonic wind tunnel noz-
zles. The method uses the well-known analytical solution for radial
source flow and connects this radial flow region to the throat and test
section regions via the method of characteristics. Continucus curvature
over the entire contour is attained by specifying polynomial distribut-
ions of the centerline velocity or Mach number and matching various
derivatives of these polynomials at the extremities of the radial flow
region, the test section, and a throat characteristic, The inviscid
contour is obtained by initiating characteristics outward from the
centerline and then integrating the mass flux along these character-
istics to compute the inviscid nozzle boundary. The final wall contour
is then obtained by adding to the inviscid coordinates a boundary-
layer correction based on displacement thickness computed by integrating
the von Kérmin momentum equation. To illustrate the method, a sample
design calculation was presented along with the associated input and
output data, A listing of the computer program and an input descrip-

tion are included.
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APPENDIX A
TRANSONIC EQUATIONS

When Eq. (5) is substituted into Eqs. (2),(3) and (4), Eq. (2)

can be written as:

o= 1 - e B B2
2(3 - 98 2 3
o GT
+ Ax(1 o8 + 52 + )
2 2 33
ATx 2y GV ATx
e I R P T
4 2 6 _ 4 2
2 Uy ¥ =Ty Ugg v7 = Uyqy + Uy
+ = 4+ +
S ¥ 23

2
2 u vy ~ T v

SZ
222
Ax"y ( 36 - (10 - 3cyy) _
+ 5 45 + ... (&=1)

where the coefficients are written in the terminology of the program

and x and y are normalized with respect to y . For planar flow,
[¢]

GR = (15 - v)/270 (A-2)
GS = (782 y° + 3507 y + 7767)/272160 (A-3)
GT = (134 ¥° + 429 y + 123)/4320 (A=)
GV = 5 v/18 (A=5)
GK = (2Y% - 33y + 9)/24 (A=6)
Uy, = (v + 6)/18 (A7)
Uéz = v/9 . (A-8)
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Ugy = (362 % + 1449 v + 3177)/12960 (4-9)

Ugs = (194 4% + 549 y - 63)/2592 (A-10)
Uyy = (854 v2 + 807 v + 279)/12960 (A=11)
Upy = (26 v° + 27 y + 237)/288 (a-12)
Upg = (26 ve 4 51y - 27)/144 (4-13)

For axisymmetric flow,

GR = (15 ~ 10 v)/288 (a~14)
GS = (2708 Y2 + 2079 v + 2115)/82944 (a-15)
6T = (92 y2 + 180 y — 9)/1152 (4~16)
GV = (v + 1)/8 (4=17)
GR = (4 Y2 = 57 y + 27)/48 (A-18)
U, = (2 Y+ 9)/2 (4-19)
Uy, = (4 Y + 3)/2 (A-20)
U, = (556 v2 41737 v + 3069)/10368 (A-21)
U, = (388 v2 + 777 v + 153)/2304 (A-22)
Uy, = (304 ¥% + 255 v - 54)/1728 (A=23)
UP2 = (52 Y2 + 51 vy + 327)/384 (A-24)
Upg = (52 ¥ + 75 v ~ 9)/192 (A=25)

The first part of Eq. (A-1}, which is independent of y, can be recognized
as Eq. (11) for planar flow or Eq. (12) for axisymmetric flow inasmuch

as x and y are normalized here with the value of Vg
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.
In a similar manner, Eq. {3) can be written as

4 2
_y {(y2 -1 Vao ¥~V ¥+ ¥y,

VEX5)1203 - 9)s .
6 4 2
Ves ¥~ V43 ¥ T Vg ¥ = Vi,
+ 3 +...
S
(Zy + 12 - 3G)y2 - 2y = 1.50
+ Ax [? + (9 < 3098
4 2
) U63 vy -4 U43 v© o+ 2 U23 -J
+ 5 e
S
2 2 LU,y - 20
A x P2 PO )
+—2 2 + 3 L
3.3
A x 30 - 10y - 30 ¥ )
s ( h . (4-26)
For planar flow,
V,, = (22 Y + 75)/360 (A-27)
V,, = (10 ¥ + 15)/108 (A-28)
Voo = (34 v - 75)/1080 (A=29)
Vey = (6574 v2 4 26481 y + 40059)/181440 (A-30)
V,, = (2254 v2 + 6153 v + 2979)/25920 (A-31)
Vyy = (5026 v2 + 7551 v - 4923)/77760 (A-32)
Vg = (7570 v° + 3087 y + 23157)/544320 (4-33)
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For axisymmetric flow,

42

22

02

63

43

23

a3

fl

it

)

[}

It

fl

(y + 3)/9

(20 Y + 27)/96

(28 v - 15)/288

(6836 v2 + 23031 y + 30627)/82944
(3380 v2 + 7551 v + 3771)/13824
(3624 v + 4071 y - 972)/13824

(7100 v2 + 2151 v + 2169)/82944
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APPENDIX B
CUBIC INTEGRATION FACTORS

If a curve through four points with ordinates a, b, ¢, and d,
spaced at uneven increments in abscissa, s, t, and u, is defined
by a cubic equation, the area under each section of the curve can

be found in the following manner:

_ ' ' (B-1)
Areaa__b = Fas a + Fbs b + FCS c + FdS d
Areab_C = Fat a + Fbt b+ Fct c + th d (B-2)
Areac_d = Fau g + Fbu b + FCu c + qu d (B~3)
Areatotal = Ga a + Gb b+ GC c + Gd d (B~4)
where
2
F o =5_8 (35 + 4t + 2u) (B-5)
as 2  12(s + t){(s + t + u)
) 32(5 + 4t + 2u)
R BNy Sy puraey’ (B-6)
3
F - _ 5 (s + 2t + 2u) (B-7)
cs 12tu(s + t)
3
_ 58 (s + 2t)
Fis T2 ¥ T+ 0t + Wu (B-8)
3

o= _2= (t + 2u) (B~9)

at 12s(s + t€)(s + €t + u)

o L, E(t+ 2u~ 25) (B-10)
bt 2 12s(t + u)

2
_t t"(2s + t =-2u)

Fe "2 e v 0 (B=-11)
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b . _EQst )
dt 12u(t + u){(s + t + u)
3
F =4 (2t + u)

au 12s(s + t)(s + t + u)

23(2s + 2t + u)

Fbu = - 12st(t + u)
2
=4y (2s + 4t + u)
cu 2 12e(s + t)
2
F _u_u(2s + 4t + 3u)
du 2 12(t +uw)(s + t + u)

[}
I
o]
+
el
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(B-12)

(B=13)

(B=14)

(B-15)

(B~16)

(B=17)

(B~18)

(B-~19)

(B~20)

(B~21)

(B=22)

(B-~23)



F = F = 19h/24
bs cu

F =TF = 91/24
as du

Fbt = FCt = 13h/24

G =G, = 3h/8

O
Il
o]
I

9h/8

AEDC-TR-78-63

(B=24)

(B-25)

(B~26)

(B-27)

(B-28)

The values of G's in Eq. (96) correspond to those in Eq. (B-4).

The value of F's in Eq. (97) correspond to those in Eq. (B-1).

51



AEDC-TR-78-63

APPENDIX C
INPUT DATA CARDS

Input Columns

Card 1

ITLE 2-12 Title

JD 14-15 Blank (0) for axisymmetric contour,

-1 for planar.

Card 2

GAM 1-10 Specific heat ratio.

AR 11-20 Gas constant, ftzlsec2 R.

Z0 21-30 Compressibility factor for an axisym-—
metric nozezle, constant for entire
contour. Or, for a planar nozzle, ZO
is half the distance (in.) between the
parallel walls, and the compressibility
factor is one.

RO 31-40 Turbulent boundary-layer recovery factor.

VISC 41-50 Constant in viscosity law.

VISM 51-60 Constant in viscosity law. If VISM is
equal to or less than one,

w o= visck TV I 1y gec/ft?
If VISM is greater than one,
1.5
_ VISC* T 2
= T+ VIS lb-sec/ft~. If
T is greater than VISM,
%
p= YT g < ysu,
2 visu'/2

SFOA 61-70 Used for nozzle with radial flow region
: if 5th-deg axial velocity distribution
is desired. If positive, the distance,

in inches, from the throat to Peint A
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.on the characteristic diagram. If nega-
tive, absolute value is distance from the
throat to Point G. If Blank, 3rd- or 4th-
deg distribution is used depending on value
of IX on Card 4.

XBL 71-80 Station (in.) where interpolation is
desired (e.g., the end of a truncated
nozzle). If XBL=1000., the spline fit
subroutines are used to obtain values at
increments evenly spaced in length.

Card 3

ETAD 1-10 Inflection angle in degrees if radial flow
region is desired. Two characteristic
solutions are obtained, one upstream and
one downstream of Point A. If ETAD = 60.,
the entire centerline velocity distribution
is specified and only one solution is
obtained and the inflection point must be
interpolated. 1If ETAD = 60., IQ = 1, IX = 0,
on Card 4,

RC 11-20 Ratio of throat radius of curvature to
throat radius. Must be given if ETAD = 60.
or FMACH = 0, If FMACH is given, RC is
calculated, If LR = 0, I¥ = 0 gives third-
deg equation between Mach 1 and EMACH,
matching first and second derivations at
each end. If LR # 0, the value of RC found
for LR = 0 is used with given value of FMACH
to define a fourth-deg equation. If IX = xt
and FMACH is given, RC is calculated to
define a fourth-deg equation. If LR # 0,

a new value of FMACH is found, compatible
with the value of RC calculated for LR = 0.

FMACH 21-30 Mach number at Point F if ETAD # 60. Nega-
tive value specifies Prandti-Meyer angle
at Point F as IFMACHI_*ETAD (usually around
-7). 1If FMACH and RC are given, IX = 0
and 4th-deg distribution is used. If
FMACH = 0 and IX = 0, a 3rd-deg distribu-
tion is used. T1f FMACH = 0., and IX = 1,
a 4th-deg distribution is used. FMACH is
calculated if not given. Tf ETAD = 60.,
Point F is not defined.
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BMACH

cMC

SF

PP

XC

Card 4

MT

31-40

41=-50

51-60

61-70

71-80

1-5

Mach No, at Point B if ETAD # 60.

Absolute value is design Mach No, at Point
C. If ETAD # 60, positive CMC gives d2M/dx?
=0, and negative CMC gives d2M/dx? # 0. 1If
ETAD = 60., CMC is positive.

Scale factor by which nondimension coordi-
nates are multiplied to give dimensions

in inches., If SF = 0, nozzle will have an
inviscid throat radius (or half-height) of
1 in. If negative, nozzle will have an
inviscid exit radius (or half-height) of
|SF| in.

Station (in.) at Point A. PP = 0 gives
coordinates relative to geometric throat.
Negative PP gives coordinates relative to
source or radial flow (ETAD # 60.).

Nondimensional distance from source to

Point C. XC = 1, requires centerline Mach
No. distribution from Point B to Point C

to be read in as input data on Unit 9.
Otherwise, positive XC gives 5Sth~deg dis-
tribution if CMC positive and 4th-deg if CMC
negative. XC = 0 gives 4th-deg distribution
if CMC positive and 3rd-deg if CMC negative.
Negative XC and IN gives 3rd-deg distribution
with d2W/dx2 not matching source flow at
Point B. If ETAD = 60, and XC > 1, XC is ratio
of length, from throat to Point C, to throat
height., WNegative XC gives 3rd-deg distribu-
tion in M; XC = 0 gives 4th-deg distribution;
XC > 1 gives Sth-deg distribution, XC = 1,
requires centerline Mach No. distribution to
be read in as input data on Unit 9.

Number of points on characteristic EG if

ETAD # 60. or CD if ETAD = 60. Maximum

value about 125. Use odd number. A zerc or
negative value stops calculation after center-
line distribution is calculated if NT positive.
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NT

IX

IN

1Q

MD

ND

NF

1115

16-20

21-25

26-30

31-35

36-40

41=45

Number of points on axis IE. Maximum value
is 149-LR. Use odd number. A zero or nega-
tive value stops ecaleculation before center-
line distribution is calculated but after
parameters and coefficients of distribution
are calculated.

Determines if third derivative of velocity
distribution is matched. IX = 1 matches

third derivative with transonic solution.

IX¥ = -1 matches third derivative with source
flow value. IX = 0 does not match third deriva-
tive but gives constant third derivative if

RC = 0 or FMACH = 0.

Determines type of distribution from Point B

to Point C, positive for Mach No. distribution,
negative for velocity distribution. 1IN = 0 for
throat only. I1f XC is greater than 1., the
downstream value of the second derivative at
Point B is 0.1% [IN| times the radial flow
value, Similarly, if ETAD = 60., the second
derivative at Point T is 0.1*IN times the
transonic value.

Zero for a complete contour if ETAD # 60., 1 for
throat only or if ETAD = 60., -1 for downstream
only.

Number of points on characteristic AB. Maxi-
mum value about 125, Use odd number. A zero
or negative value stops calculation similarly
to MT.

Number of points on axis BC. Maximum value 1is
150. A zero or negative value acts like NT,

Absolute value is number of points on character-
istic CD for ETAD # 60. Maximum value is 149

or 200 = ND = MP - |MQ| - number of points on
upstream contour. Negative value calls for
smoothing subroutine.

Number of points on conical section GA if
FMACH # BMACH. Use value to give desired in-
crements in contour - usueally not known for
initial calculation.
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MG

JB

JX

JC

IT

LR

NX

46-50

51=-55

56-60

61-65

66-70

71-75

76-80

Number of points downgtream of Point D if
parallel inviscid contour desired. A nega-
tive value can be used to eliminate the
inviscid printout.

Positive number if boundary-layer calcula-
tion is desired before spline fit. Nega-
tive number transfers control of program to
JX. Absolute values greater than one are
used to approximately halve the number of
points on the upstream contour even though
IR + NT - 1 points are calculated from char-
acteristic network if LR > 2, or (NT + 1)
points if LR = 0.

Positive number calls for calculation of stream-
lines, zero calls for repeat of inviscid calcula-
tions requiring new cards 3 and 4, or, if

XBL = 1000., for spline fit after inviscid calcu-
lation, negative number calls for repeat of cal-
culations requiring new cards 1, 2, 3, and 4.

If not zero, calls for printout of intermediate
characteristics within upstream contour if JC

is positive and downstream contour if JC is
negative. Characteristics are (NT - 1)/JC ox
(ND - 1)/(-JC). Opposite running characteristic
through Point E (or B) is also printed.

Number of points at which spline fit is desired
if points are not evenly spaced, such as jack
locations for a flexible plate. Used only for

a planar nozzle, inasmuch as a nonzero value
calculates distance along curved plate surface,
Positive wvalue of IT requires additional cards
to be read in (8 points per card) after boundary
layer is calculated.

Absolute value is number of points on throat
characteristic used in characteristics solution,
Negative values give printout of transonic solu-
tion. LR = 0 gives M = 1 at Point I.

Number from 10 to 20 determines spacing of points
on axis for upstream contour. NX = 10 gives
linear spacing. NX > 10 gives closer spacing of
points at upstream end than at downstream end.

NX = 0 same as NX = 20, Ratio of downstream
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increment to upstream increment is (NT - 1)NX/10 -
NX/10

(NT - 2) / . Optimum values, usually 13 to 15,

‘determined by trial and error for specific con-

tour desired. Negative NX used with negative LR

limits printout to transonic sclution.

NOTE: A zero value of MT, NT, MD, or ND will allow a repeat of cal-
culations for parameters specified by new cards Nos. 3 and 4.
A negative value will allow a repeat of calculations for new
cards Nos. 1, 2, 3, and 4.

Card 5

NOUP 1-5 If smoothing is desired, negative NF. Number of
times upstream contour is smoothed. '

NPCT 6-10 Smoothing factor in percent. Smoothing factor
= NPCT/10Q.

NODO 11-15 Number of times downstream contour is smoothed,

Card 5 If boundary-layer calculation is desired using
inviscid points calculated from characteristics

or solution. {(No smoothing).

Card & If boundary-layer calculation is desired using
evenly spaced points interpolated from spline

or fit of points from characteristics solution.

Card 7 If boundary-layer calculation is desired using
evenly spaced points interpolated from spline
fit of smoothed points.

PPQ 1-10 Stagnation pressure (psia).

TO 11-20 Stagnation temperature, Rankine.

TWE 21-30 Throat wall temperature, Rankine, if QFUN = O.
If TWT = 0, the wall temperature is assumed to
be the adiabatic wvalue.

TWAT 31-40 Wall temperature, Rankine, at Point D. For

water—cocoled wall, the bulk water temperature

is assumed to be 15° lower than specified

TWAT. The cooled wall temperature distribu-
~ tion is assumed to be
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QFUN

ALPH

IHT

41-50

51-60

61-65

TW = TWAT + C0i = TWAT) ( fe/ax )
JACTAF - ATK

where A/A* is the area ratio corresponding to
local value of Mach number and Ac refers to
Point C.

For negative IHT

W = TWAT +

(TWT - TWAT), (AC/A?" 1)
Ac/Ax = 1 F\"a/A¥

Heat-transfer function at the throat.

ha (Taw - TWT)
TWT - TWAT + 15

QFUN =

where ha has dimensions of BTU/sec/sq ft/R and
is obtained by Reynolds analogy from the skin-
friction coefficient. If QFUN is specified,
input value of TWT is ignored and TWT is calcu-
lated from QFUN.

Parameter specifying temperature distribution in
boundary layer. ALPH = 1, uses quadratic dis-
tribution both in the calculation of the refer-
ence temperature TP and the calculation of
boundary-layer shape parameters. ALPH = 0 uses
parabolic distribution in both calculations.
ALPH = -1, uses quadratic distribution for TP
and parabolic in the calculation of bhoundary-
layer shape parameters. Within boundary layer,

= Tw + o(Taw ~ TW) (U/U )
+ [fe - a(Taw - Tw) = Tw] (U/Ue)

where o = 1 for quadratic dist.

a = 0 for parabolic dist.

Integer which determines temperature distribu-
tion (see TWAT), 1If nonzero, IHT determines

how often subroutine HEAT is called. An absolute
value of IHT greater than KO, the number of points
on the upstream contour, will prevent HEAT from
being called but will allow the choice of tempera-
ture distribution to be made.
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NOTE: HEAT is a special purpose subroutine for determining
heat-transfer values for the upstream contour. The
subroutine HEAT incorporated in this program is a

dummy.

IR 66-70

in 71-75

v 76-80

Card 5

ETAD 1-10
oM 11-20

XJ 21=-30

Integer, parameter specifying transformation
from incompressible to compressible values.
If IR = 2, Coles' transformation is used for
Cg and Ree. If IR = 1, TP is calculated by

a modification of the Spalding-Chi (Van Driest)
method. If IR = 0, the Van Driest value of
Re, is used, but if IR = -1, Coles' law of
i
corresponding stations is used.

C.=¢C

¢ =C; * TE/TP, Re, = FRD*Re,.

. 0, g

i i

Integer. If ID = %1, axisymmetric effects
are included in momentum equation and in cal-
culation of boundary-layer parameters (§ not
negligible relative to coordinate normal to
axis)., If ID = 0, these effects are omitted.
Negative ID suppresses the printout of the
boundary-layer calculations.

Integer. Absolute value, usually 5, deter-
mines number of times boundary-layer solution
is iterated so that radius terms in momentum
equation refer to viscid radius instead of
invisecid radius. Value of 0 or absolute value
of 1 uses inviscid radius. Positive LV repeats
boundary-layer calculations for new set of
parameters on a new card if XBL # 1000.

If streamlines are desired, JX positive. (No
smoothing.)

Inflection angle in degrees for streamline
desired 1if ETAD # 60, for Card 3. If ETAD =
60. on Card 3, use ETAD = 60 on this card.

Fraction of contour desired if ETAD = 60.
Otherwise, QM = ETAD on Card 5 divided by
ETAD on Card 3.

Value to update JX for subsequent calcula-
tion, JX = XJ.
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Card 5
or

Card 6

or

Card 7

XST

XLOW

XEND

XINC

BJ

XMID

XINC2

CN

1-10

11-20

21-30

31-40

41-50

51-60

61-70

71-80

If SPLIND used after inviscid calculation
(JX zero or negative and JB zero or nega-
tive). (No smoothing.)

If SPLIND used after viscid contour (JB posi-
tive and LV zero or negative). No smoothing
of inviscid contour. Or, if inviscid contour
is smoothed before SPLIND is used.

If inviscid contour is smoothed, boundary layer
is added and SPLINE is desired.

Station (in.) for throat value of X. If

XST = 1000., program uses value previously
determined by specifying PP on Card 3. Other-
wise, value of XST is used to shift contour
points by desired increments for arbitrary
Station 0,

Starting value for interpolation. Second value
of interpolated X = XLOW + XINC.

End value for interpolation. If zero, SPLIND
is used to calculate slope and d2y/dx2 at same
points as previously defined,

Increment in X for interpolation. If zero, and
BJ > 10, contour is divided into BJ inecrements.

Value to update JB for subsequent calculation.

JB = BJ. If negative and XEND = 0, interpola-

tion is made at discrete points read in on sub-
sequent cards similar to case when IT > 0,

Intermediate value for interpolation. Distance
(XMID-XLOW) is divided into increments defined
by XINC, and distance (XEND-XMID) is divided
into increments defined by XINC2,

Increments in X between XMID and XEND if differ-
ent than XINC,

Number of copies desired of final tabulation of
coordinates if more than one copy is desired.

60



L9

OO OHAOOOOO00

(221]

APPENDIX D

COMPUTER PROGRAM

MAIN PART OF

PROGRAM CONTUR{ INPUT « QUTPUT » TAPESa INPUT » TAPES®QUTPUT)

NOZZLE CONTOUR PROGRAM VEV00028 FOR AXISYMMETRIC OR PLANAR FLOW
WITH RADIAL FLOW REGION AND/OR WITH CENTER=LINE VELOCITY OR MACH

NUMBER DISTRIBUTIONS DEFINED BY POLYNOMIALS.

CORRECTION APPLIED FOR GROWTH OF TURBULENT BOUNDARY LAYER,

PERFECT GAS IS ASSUMED WITH CONSTANT SPECIFIC HEAT RATIOs GAMs
COMPRESSIBILITY FACTORy Z0s AND RECOVERY FACTORs ROy AS INPUTS,
ALSO INPUT 15 GAS CONSTANT. ARy IN SO T PER 54 SECOND PER DEG R.
IF VISM IS SUTHERLANDS TEMPERATUREs VISCOSITY FOLLOWS SUTHERLANDS

LAW ABOVE VISMe BUT 1S LINEAR WITH TEMPERATURE RELOW VISM,
IFIVISH.LEL1.De0) VISCOSITYRVISC®TEMPERATURE®#YISM

INPLICIT REAL®B{A=HsQ=Z)

COMMON /GG/ GAMyGM»Blo024063454465966+4GT+G8¢6915A9RGAQT

COMMON /COORD/ S(200) oFS(200) s WALTAN[200) +SDL200) »WMNL200) s TTR{200MAL

MAl
MAI
MAT
MAI
MAI
WAl

MAL .

MAI
MAL
L] 99
MAY
MAl
LLYS
MAT
MAL
MAL
MAL

13 +DMDX(200) 4SPR(200) «DPX (2003 »SREF (200} 4 XBIN XCINs GHA»GHB + GMC 9 GHD MAT

COMMON /CORR/ DLA(Z00) sRCO{200) +DAX(200) »DRX(200) +SL {200) yDR2
COMMON /PROP/ ARsZO+ROsVISCoVISMySFOAXBL + CONV

MAT
MAL

COMHON. /PARAM/ ETAD+RC s AMACH»BMACH s CMACH s EMACH o GMACH FRC o SF 3 WHOs WHMA T,

10P+QMyWEICBET ¢ XE+ETA+EPSI s BPSI+ X0 YO+RRC ¢SO0 XBy XCo AHa PPy SE ¢ TYE v XAMAL

COMHON AJACK/ SJT3019XJ (3002 ¥J (300 s AD{30)

COMMON /CONTR/ ITLE(3) s 1EsLReIToUBsUQsJXsKAT1KBL4KINGsKOsLV4NOCON

DATA ZRO/0.0040/40ONE/14D+0/4THO/24D40/9DCT/BHCURVATURY/

DATA DCL/8H D2Y/DX27+DC2/8H 7+DC3/8H
DATA DC4/BH  DY/DX/»DCS/8H  DY/DS/4DC6/8H
DATA L1/4H  X/4L2/4H  Y/4L3/74H  S/sLés4H
CONVE90 4D+ 0/DARSIN {ONE)

1T=0

NC=0

LAsLL

LBaL4

OCA=DC4

DCB=DC2

JU=1000

DCC=DC

READ (59304END=24} ITLE.JD
IF (ITLE(1).EQ.L4) GO TO 24
IE=1+JD

QT=QNE/ (Y+1E)

READ (5928) GAMyAR«ZOsRO+VISCoVISHaSFOAWXBL

FOR GAMMA=] .4y G985, GO=,2y GTR].2¢ GOE5/6s GSu]/G4 GAX]1/SQRTI6},

G3m145+ G22SQRT(6)s Glm2,.5
GMaGAM=ONE

GlaQNE/GH

598TWOAG]

GA=QNE/GY

GT=ONE+GB

GH=ONE/GT

G5aGRSGS

RGAxTWO®GS

GARONE /RGA

ANGLE/
DX/0S/
FoelLS/4HDIFF/

MAT

MATI |

MA1
MAL

MAT

MAL
MAL
MAT
MAT
MAI
MAL
MAT
MAT
MAT

MAIL .

MAT
MAl
MAT
MAL

MAL -

MAL
MAT
MAL
MAT
MAL
MAlL
MAT
MAL
MAl
MAJ
MAI
MAT

Nal

00 U
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G43DSART (GS)

GIaGA/THO

G2=0NE/ G4

IF (IE«EQe0) AH=ZO

IF (IE+EQe0) ZO®ONE
QMsSONE

JX=0

Jaso

Lv=0

CALL AXIAL

IF {LV.LT40) GO TO 1
CALL PERFC

IF {NOCON.NE,D) GO TO 24
IF {(JO.GTo0)o0R {JXGTo0Q)) GO TO 3
IF {JB.GT«0} CALL BOUND
IF {XBL.£Q,1.D+3) GO TO 5
IF (IT.LTel) GO TO &
LA=L3

DCaA=DCS

OCC=DCT

wuP=LT

KAPSKUP+]

XEND=ZRO

READ (Se28+ENDE2A} (SJIK) pKu)leKUP) o XST
CSKBONE/DSQRT (ONE+DRX (KAT )} #82)
SNIKSCSKEDRX (KAT}

CALL SPLIND (SLsRCO+ZRO»SNKeKAT)

G0 TO 6

IF (LV.GT.0) GO TO 24

IF {(JX.LT.0) GO TO 1

G0 10 2

CONTINUE

READ (S+2B¢END=24) XSTsALOWXENDsXINC4BJo XMIDs XINCZ,CN
IF (XST+EQ.XBL) XSTaS5(1)

NCaCN~ONE

IF (JBsLE«D) CALL SPLIND (SeFSeWALTAN{I) +WALTAN(KING) +XING)
IF (JB4GT40) CALL SPLIND {SeRCOsDRX{1)+DRX(KAT) yKAT)
IF (XEND.GT.ZRD) GO TO &

LB=LS

DCasDC4e

SLONG=S {(KING}=5(1}

IPPay

WRITE (64+25) ITLE.SLONG

WRITE (6+31) LAsLZ+DCAsDCIsOCCHDCEILE

_IF (JB,.,6T.0) 60 TO 7

WRITE (6:¢26) XSToFS{1)+WALTANCI}+ZRO»SD(1?
AMAX=SLONG+XST

YMAXSFS{KING)

TMAXaWAL TAN(KING)

GO TOo 8

WRITE (6+26) XSTsRCO{1)+DRK{1)+ZR0OsDR2
AMAXNSS (KAT) =S {])+XST

YMAX=RCQ (KAT)

TMAX=ORX(KAT)

HAX
HAT
AL
MAL
MAI
MAL
MAl
MAL
MAI
MAI
MAT
Mal
Mal
MAL
MAL
MAl
MAL
MAL
MAL
MAI
MAL
MAL
MAL
MAL
MAL
MAL
MAL
MAL
MAI
MAl
MAT
MAI
MAT
MaAl
MAL
MAl
MAl
MAL
MAT
MAI
MAL
MAL
MAT
Hal
MAL
MAL
MAL
MAL
MAL
HAT
MAT

AL

MAL
MAL
MAL
MAT

£9-84-41-203V
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10

11

12
13

14

16

17

18

IF (IT.GT«0) GO TO 11
JB=gy

IF (XEND+GT,ZRO} GO TO 10
IF (JBeLT+0} 60 TO 9
KUP=KING=1

KAP2KING=1

50 10 11

KUPa=J8

KAPsKUPe !

READ. (5+284END=224) (SH{K) sKx] 4KUP)

GO TO 11

IF (XINCuGT+ZRO) KUPS{XEND=XLOW) /XINC+1,Dw2
IF (XMIOWNELZRO) JJa(XMID=ALOW) /XINCe]l D=2
IF (XMIDJNE.ZRO) KUP®JJ+ (XEND=XMID] /XINC2¢].0=2
IF (JB,51.10} KUP=JB

IF {JB+GT+)0) XINCXSLONG/BJ

KAPx {XMAX~XLOW) /X INC+])

IF {(XMIDWNELZRO) KAPxJJ+ (XMAX=KMID} /XINC2e1
DO 19 K=1+KUP

IF {XEND.EQ.ZRD} GO TO 12

XxXLOWOK*XINC

IF (KuGTodJ) X=XMIDe(K=JJ)#XINCZ

60 TO 13

IF {ITelTeloANDGJBJGELD) XaS{K+]1)

IF (ITe6Te0a0RWJBLT,0) X=SU(K)
XX=X=KST+5(1)

IF (KoLTKAP) CALL XYZ (XXeYYsYYP+YYPP)

IF (KEQ«KAPT X=XMAX

IF (K+GELKAP) YYRYMAX

IF (K .GE<KAP) YYP=2TMAX

IF (K.GEW.KAP) YYPPaZRO

IF (1TeLTel) GO TO 16

IF {IPP,GT.() GO TO 14

YJUK) =YY

AJ{R)=DARSIN (YY)

WANGECONV®A)(K)

CURV2YYPP/DCOS{AJ(K))

WRITE (6926) XaYY4YYPsWANGCURY

G0 TO 18

YYEYY=S (1) ¢XST

XJ(K) =YY :

WANGECORY*DARCOS (TYR)

WRITE (04261 XaYYaYYPsWANG

GO0 TO 18

WANG=CONVEDATAN(YYP)

IF (XENDWEQ.ZRO.AND . UB+GE+C) DY=YYP=WALTAN(K+])
If (JB.LE.D) GO TO 17

FS3(Kel)xYY

WALTAN{K+1}=YYP

SDIK+11=YYPP

IF (XENDGT4ZRO.0RsJALLT L) WRITE (6£426) X+YYrYYPsWANGsYYPP
IF (XEND+EQ.ZR0+AND+JB.GELD) WRITE (6426} AsYY s YYP s WANGe YYPP, DY

IF {MOD(Ksl0} EQ.0} WRITE (6429}
IF {MOD(Ks501.NEL0} GO TO 19
WRITE {6425) ITLESLONG

MAL
MAl
MAL
MAl
MAT
MAl
MAIL
MAL
MAl
MAL
MAL
MA]
MAT
MAl
MAT
mal
MAL
Ml
MAl
HMAL
HAl
MAl
MAI
MAl
MAT
MAL
MAL
MAL
MAL
MAL
HAL
MAI
MAL
MAJ
Mal
MAE
MAI
MAL
MAI
MAL
MAT
Ml
MAL
Hal
AL
MAL
MAT
MAIL
MAT
MAl
Mal
MAT
WAL

HAL

Mal
MAT

159
160

167
ls8
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19

290

21

22

23

WRITE {6931) LAsL2+DCAsDCI+DCC+DCB+LB
CONTINUE

IF (IT«GTa0.AND.IPP.EQ+1) CALL PLATE
IF {IPPLGEJNCY GO TO 20

IPP=IPP+1

WRITE (6+25) ITLE+SLONG

WRITE (64313 LAsL2+DCAsDCIHDCC

WRITE (6e26) XSY4RCOL{1)+ORX{]1)+ZROsDRZ
GO TO LI

IF ((EPP.OBT0)0R. tUXeLTu0)) 60 TO |
IF (IT.EQ.0) GO TO 21

1PP=]

CALL SPLIND. (SLeS+ONE.CSKsKAT)

WRITE (6+29)

WRITE (6431) L34L1:0C64DC3

WRITE (5326} XSTeXST+ONEsZRO

60 TO 11

IF {JBY Le2422

CALL SPLIND (SswWHN+DMDX (1) +OMDX (KING) sKING)
DO 23 K=l+KUpP

X=X OWeK*XINC

If (XENQJEQ,ZR0} X=S(K+1)
KXuXaK5T+S5(1}

IF (Kul.TKAPY CALL XYZ (XX+YY2YYPYYPP)
IF (KJ.GEsKAPY YYaCMACH

IF (KJGEJKAPY YYP=ZRO

SiKsl)nX

WMN{K+] ) =YY

TTRIK+1}aQNE+GASYYESZ
SPR{K+1)SORE/TTR(K+1} %% (ONE+G1)

DMDX (K+1)uyyYP

DPRAIK+1) a=GAMSYYRYYPOSPR{K+]) /TTR{K+])
S{1)1aXST

KAT=KUP+1

KBLEKAT +4

KQ=1

CALL BOUND

IF (JB.EQ.T) STOP

IF (JB4GT10) GO O 1

WRITE (6+25) ITLEsSLONG

WRITE (6931) L1sL2+DCA

WRITE (6427) (S(K)+RCO(K) +DRA(K) 4K=] ¢KAT)
GO TO 1

STOP

FORMAT (l“1v9f¢3l&c' COORDINATES AND DERIVATIVESe LENGTH =04F12,TIMAL
Al

FORMAT (IH +8Xs2F15,641PAE20,8)
FORMAT (10(9%e0P2F15.6+1PE20.8/))
FORMAT (8E10,0}

FORMAT {1H )

FORMAT (3A4,1D)

MAL
MAT
MAL
MAI
MAL
MAL
HAl
MAL
MAL
WAL
MAl
MAT
Mal
Mal
Mal
Mal
MAL
Mal
MAL
MAL
MAL
MAL
MMl
MAl
HMAl
MAL
MAJ
MAT
Hal
HAT
MAL
MAl
Al
MAl
AT
MAL
MAT
MAl
MAL
MAT
Mal
Mal
MAT
MAL
Mal

]

MAT
"Al
MAL
MAT

FORMAT (1HOs14XeA%s " (INY P97 XpAds S (INY *e6XeAB e J2XoABs 14X AB9INeAB2MAL
Mal

1Xeh& /)
END
SUBROUTINE AXTAL

Al
AXI
AX1
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TO ORTAIN THE AXIAL DISTRIBUTIUN OF VELOCITY AND/OR MACH NUMAER

IMPLICIT REAL®B({A=H,0=2)
COMMON /FG/ GCyGDeGE+GF 1GHe Gl oHA+HBoHC o HE
COMMON ZGG/ GAMsGMe G162+ G3168155406+G7+681694GA+RGA+QT
COMMON /CLINES AXISIS,150} «TAXI (54150} eWIP s X1+FRIP+ZONK+SEQ.LSE
COMMON /PROP/ AR+20+RO+VISCHVISMeSFOAXBL 9 CONV
COMMON /PARAM/ ETAD+RCAMACH, BHACHy CMACH+EMACH s GMACH»FRCySF o WWO v WWAXT
10P s UMy WE s CHET o REwETASEPSL ¢ BPSI o X0, YO+ RRC ¢SO0 XBe XCo AHePP4SE TYE  XAAXI
COMMON /CONTR/ ITLE(3) +IE«LRyIToJBs Qs UXsKATsKBL +KINGKOoLVNOCONsAX]
JINsMCoMCP o TP+ IR+ ISEs JCoMaMP o+ MQsNs NFoNF s NUT + NReLEsMD s MF s MT s ND o NT

DATA
DATA
DATA
DATA
DATA

ZRO/0. 0040/ 9 ONE/14D¢0/ 2 TWO/ 2 0¢0/9SIX/ 6,040/ s HALF /5, 0=1/
THR/34D+0/+FOUR/ 440+ 0/ 4 FIV/S5,D40/ o TEN/ LoD /o TLV/ 1, 2041/
SEV/TeD¢0/9EIT/B,D40/9FFTN/LoSD¢ 1/ 4 TRTY/3,041/+SXTY/6.D41/
M1 /AHGMAC/ s M2/ MHZ=D /¢ TAX1S/4HAXIS/ sNS/4H GPE/«NC/4HCIALS
N3Z4H 3RO/ oN&/4H 4TH/ «NS/AH STH/ WNO/4H=DEGY

DIMENSION C(6)s D{é)y AX(1S0)s AXM{150)s AXMP(150})

HPIz9.0+1/CONV

IF (JQeEWe0+AND+JX.EQ,O) CALL OREZ (AX1IS+2#750)
IF (JQ.GT«0) GO TO SO

IF (JX+EQe0) GO TO 2

CARD
READ

JA=XJ

USED TO OBTAIN INTERNAL STREAMLINES {(JX > @)
(5993+END=9Y) ETADQMyXJ

IF (ETAD.EQ.SXTY) GO TO 1
ETASETAD/CONY

1F [1E.EQeD) SESETA

IF (IE+EG+1} SExTWOSOSINIHALF#ETA)
CSE=DCOS(ETA)

APSI=BPSI~ETA/QT

AMACHREFMY LAPST)

RAZ ((G6¢GSRAMACH##2) #aGA/AMACH) S#QT
GPSI=EPSI+ETA/QT

GHACH=FMY (GPST)

RGE{ LGHGIWGHACH®#2) #8GA/GMACH) ##QT
HMPRONE + THR® (RA=RG)

GO TO 14

SExQMeSEQ

G0 TO 14

CONSTANTS USED IN TRANSONLIC SOLUTION
GCR{TWO*GAM/QT=THR) /SI1X/ (3]E)

GEX{THR¥ {3+ 1E) =FOUR®GAM/UT ) /THR/ (T+]E)

GH= {FFTN+ (2+621E )} #GaM) /TLV/ (5+1E)

GJ= (GAM® (GAM+9,2504 0% IE=26.50+0} +,750¢0% (6=1E) ) /TLV/(3=]1E)
GK= (GAM® (GAM+2,25D+0# JE=16,50+0) ¢2,250+0%(2+1E)) /SIX
GR=(FFTH=(1+9¢1E) *GAM) / {15+1E) /18.00

HBZ (144D +08GAM=T5.D+0+18%*IE) /(270.D+0+18*IE}

IF (1IE.EQ.0} GO TO 3

GD=(GM* {652,0+0#GM+1319,0403+1000,0+0) /6912400
GF®{36124040+GM® (75) 4D+0+CH#TES.040) } /28804040
GI={9094D+0¢GAMS (270,.D*0+GAM#4]12,0+0)) /10368,040

Axl
AX]
AXE
AX]
AXT
AXY
AX1

axl
AXl

AKX

axl
AXI
AXI
AXI
AXl
AX1
AX1
AXI
AX]
AXI
AXT
AXI
AXI
axl
AxX1
AX1

Axl

AXI
AXI
AX1
AX1
AXI
AXE
AXT
AXI
AXI
AXI
AXI
axl
Axl
AXIL
axl
Akl
AXI
AX]
AXI
AXI
AXI
axl
AX1
AXIL
AX]
AX1

b
m
o
o
—i
D
-
®
®
€
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GSx (GAM® (GAM®2TOR,Da0+20T73.040) +2115,0+0) /82944 ,0+0
HEx (GAM® (2364, D4 09GAM=3915.0+0) ¢14337.,0¢0)/82944,D40
HE= {GAM® {64 ,0+08GAM+1 1740401 =102640+0} 71152040

GO TO 4

AXT
AXl
AX]
AX]
AX1

AXISYM FLOWs IE=)s QT®0,5¢ GAMEL.ds GC80,10833333s GD=D.2360995374AX]

GEx0,65833333s GFx1,40036111s GHZ0,]3055556+ GIx0.2020177469,
GJe=0,76833333s GK¥=1,87333333+ GR=0,003472222, G5=0.1245814043,
HB==0,12986111+ HCZ0,162633101%s HEz=0.6395486111

GD=x (GM# (IZ2,0408GM=14,D+0) #221,0+0)/1080,0¢0
GFu(42304De0+GM# {211 4,D+0+GM*334.0¢0))/3T80.,0+0
GIE(TIB040+GAMS {2TI De0=GAMEBZ 4D+0)}/7560.0+0
GSE{GAM® {GAMPTRZ,0+043507,D+0)+7767,D¢01/272160,0+0
HCZ (GAM® (274 ,D+0RGAM=B8]1,0+0) +4464.040) /17010.De0
HE=(GAM® (32,D+0#GAM+87,0+0)=561.040)/540.0+0

AXI
AXL
AXI
AXT
AX]
AXI
AK]
AX1
axl
AXI
Aaxl

PLANAR FLOWe IE=0s QT=le0s GAMZLaby GC2a0.011i11s GD30.20418518529AX1

GES0,8761904762, GFxl.155513228 GHE).2966660T,

GI=0.1269153439

AXI

GJE=0.,85111111s GH2=2,7733333y GR=0.05037027037, G5=0,0522101T0459AXI

HBx+0.2051851A52s HC=0,2231416814s HE=~(,6971851852
CARD USED TO ESTABLISH INVISCIOD PARAMETERS

READ (5+93+ENN2S]) ETAD+RCoFMACH«BMACH s CMC o SF PP 4 XL

CARD USED 70O CONTROL CALCULATIONS

READ (5992) MToNToIXsINsTQGeMDsNDaNF +MP MO+ JB+JX s JCs TT+LReNX

LCaXC

TF(AC4OT 4ONE}LCE=XC+ONE
NReSIX#RT

MF=FHACH

IF (IE«EGe1) MCxM]

IF (1E.EGe0) MC=M2

NOCON=0

ETAZETAD/CONY

IF (IE.EQ.0) SE=ETA

IF (TE«EGel] SExTWQSDSINIHALF*ETA)
IF (ETADEQ,SXTY) SE=QNE
SEOwsE

ISE=SE

CSE:DCOS{ETA)

RT=R{+ONE

AMeONE

WI=ONE

wiPP=ZRUO

MCPxCMC

CMACH=DABS (CME)

CBET=0SART (CMACH3CHACH=ONE)
FRCx [ {G6+GHaCMACHS#2) #2347/ CMACH) #2T
TYE=FRC®SE

IF (SFuLT.ZRO} SFa=SF/YYE
IF (ISE.EQ.0) 6O TO S

Axi
AX1
AXE
AXT
Axl
(331

AXT.

AXI
AXI
AXI
AX1
AXI
AXI
AXx1
AXI
Axl
AXI
AX]
Axl
AXI
AX]
axl
AX]
AXI
Axl
AX1

AXY

AX]
Axl
AKI
AXI
L3141
axl
AxI
AX]
AXI
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L9

MO0

10

12
13

14
15

NON=RADIAL FLOW AT INFLECTION POINT
Q=1

AMACH=CMACH

BMACH=CMACH

EMACH®CMACH

FMACHZCHACH

GMACH=CMACH

IF {IEJE@s1) AHmGMACH
WE=GZ¥EMACH/DSORT (EMACHHZ-GM
DWsWE=W].

X0=ZRO

EQE=ZRO

G0 7O 15

RADIAL FLOW AT INFLECT]ON POINT

IF ([IN.EQeD) GO TO

IF (LCoLT-O.lNU-IN-LT 0) INse]

IF (LCJEQe0,ORWMCPWLT,0) IN®ISIGN(1041IN)
BBET=DSURT (BMACH*BMACH~ONE)
BPSIxG2*DATAN(G4*BBET) ~DATAN(BBET)
IF (FMACH) 94847

FOET=DSQRT (FMACH#FMACH=ONE)
FPSI®G2#DATAN(GA*FBET =DATAN{FBET)
G0 TO 10

FMACHa=BPSI/ETA

IF (BPSI/ETA.GT.7.5040) FMACHE=T, 5040
FPSInaFMACHEETA

FMACHaFMY (FPSI)
EPSI=FPS]=THO*ETA/QT

EMACH=FMY (ERST)

WE=GIAEMACH/OSORT (EMACHSEMACH+GY)
DWxWE=~W [

CALL SORCE (WE+D)

XE=D{L)

WEPsD{2)

WEPP=D{3)

WRPPPaD (&)

IF (NR,NE.O} GO TO 15

1F ILR4NE+DeDRWIG.LTW0) GO TO 12
IF (I1%,EQe0) WRITE (6,106} ITLE.N3
IF (IX4NE+0) WRITE {6,106} ITLEsN#

ITERATION TO DETERMINE RC IF NOT SPECIFIED (NR = ©)

EA=WRPPP

EBanF IVeWEPP~WIPP
EC=TLVoWEP

ED==TLV5DN
X1E=CUBICIEA(EBLECIED)
IF (XIE.LE.ZROY GO TO 89

WIP=THO® (WE=ONE) /XIE=WEP* (WEPP~WIPP) #X1E/SIX

NOCONaNGCON+]

IF {NOCON.GT,100} GO TO 90
RYTaTORIC{WIP,SE)

RCSRT=0ONE

TER{ONE~GT# IONE+ {GE+GF/RT}/RT) /RT##2/ (15« 1E) /THR) 40T

YOsSE/TK

AX]
LY
AXI
AX]
ART
AR
AX]
ARl
AXI

AXT

AXI
AXI
Axl
[$31
AXI
AXI
axl
AX]
AXT
AXI
AX1
Axl
Axl
axl
AXT
AX]
AXE
AXT
AXI
AKI
AX1
axl
AX]
AXT
AX1
AX]
AXT
AX1
AXT

- AXI

AXT
AXL
AX1
AX1
axl
AXT
AX1
AX1
AXI
AX]
AXI
AX]
AXI

AXI

AXI
AXI

167
168

i70
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89

18

17

19

AARDSQRT IQTS{GAM*ONE) SR T)

IF (OMJNELONE) GO TO 19

WHPP= (ONE=GAM/] JSD+0+GJ/RTI 7 {RASY (] #82
IF (NR.NE.0.OR.ISE.EQ.l} GO TO 18

IF (DABS{WHPP=WIPP).LTel40~10} GO TO 18
WIPPEWHPP

IF (1K) 11e17416

EA=GK/ {AARY(Q) &e]

ES=THR® (WI1PP+WEPF)

EC==TLV*WEP

EDaTLveUW

XIESCUBIC (EA+EB2ECED)

IF (XIE+LEL.ZRO} GO TO 8%

60 TO 12

He (EIT#*WIP+SEVAWEP) / {THREWIPP~TWOSWEPP}
HHsTRTY*DW/ (THR*WIPP=TWO*WEPP)
XIE=HH/ (DSQRT LHAH+HH) o+H)
WIP=WEP<HALF*XTE® (WEPP+WIPP)

60 To 13

[934
AXT
AX1
AXI
AX1
AR
AX1
AXI
AXE
AX
AX1
AXI
AXI
[131

AXI

AXI
AXl
AKI
AXI
axl

ITERATION FOR R COMPLETEDs REMAINDER OF TRANSONIC VALUES COMPUTEDAXE
AXI

WIP=(ONE~ (GC=GD/RT) /RT) /YO/AA

wHpaW 1P

WIPPawHPP

AMPEGT*WIP

AMPP2GT® (WHPP+THR4GASWI P82}
XOT=YORDSORT (GT/TWO/ {F~1E) /RT) 2 {ONE+ (GH+ BT /RT) /RT)
IF (OMJNE.ONE) GO TO 21

IF {(ISE.EQ.1} XI=X0l

X0Y=Xx01

WOSONE= (HALF /7 (3=1E) + (GR+GS/RT) /RT)I /AT
OM=W0/DSQRT (GT~-GEnWOra2)

WOPPPEGK/ (AA®YD) *23

IF (LR«EQs0} GO TO 21

CALL FOR THROAT CHARACTERISTIC VALUES
CALL TRANS (RT+TKeWOrAMeAMP s AMPP s W1+ AWP s AWPP + ANPPP o XI)
IF {NKeLT+04,ANDSNT.LY 0} GO TO BT

IF (NA.LT.0) GO TO 4

AMPRAMP/SE

AMPPAMPP /SE##2

WAP=AWP/SE

WAPPRAWPP/SESS?

WOPPPEANPPP/SEw]

IF (ISE.EQ.1) 60 TO 21

DunwWE~WI

XOI=X]#SE

IF (NR.GT.0) 60 TO 20

Rl=XE=XIE

A0=XE=-XIE~X01

CenxXIE*W]IP

CInHALF oW IpPeX]E®®2

Co=WE~ONE=(C2=C3

If (IK«NE.O} CAsFOUR®CA+TWO*LI+C2=RIESNER
IF (IG.LT.9} GO TO 20

WRITE (62110) ITLEsN&oLR

AX1
AXT
axl
AXI
AXT
AXE
AX1
AX1
AxXl
AXT
axi
AX1
axlI
AXI
AXI
AXI
AXI
axi
AXI
AKI
AXI
AX1
AXI
AXT
AXI
AXl
AX1
AX]
Axl
AX1
AXl
axl
AX]
AXI

171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
132
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
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69

20

21

22

23

24

25

26

27

WRITE {6+96) XIESC2+C3sC69%1
WIiPaWaAP

WIPPzWAPP

WWO=ONE+ (ONE/ (IE+23) = (MB=HC/RT) /RT) /RT
WWOP= (ONE+ (ONE=TE/EIT=HE/RT) /RT) /YD/AA
RRC=2ONE/RC

SD0=RRC/Y0

ZONK=OM®] . OD=03

NP=ZONKS {JABS(NF) =11 +]1

IF (SF.GT.2RQ) GO TO 22
SFONE/YO

IF (1Q.LT+0) GO TO 31

IP=Q

Jo=Q

MEZONK® (MT=1}+}

NaNT

IF (OMJEQONE) GO TO 23
XO=X1~X01

RETURN

CALL OREZ (L8}

IF (ISE.EQ.0) GO TO 31

LENGTH OF AXIAL DISTRIBUTION FOR NON=RADIAL FLOW
x1=x01

AEMTEMACH=AM

Cl1)=AM

IF (LC) 25.24427
AMSGEAMPS®24 AEM# AMPP®*FQUR/THR

IF (LR+EQs0) WRITE (64122} ITLE#N&sNO

IF (LR+ME.0) WRITE (6+1071 ITLE+N4sNOsLR
IF (AMSGQ.LT.ZROY GO TO 28
X1E=FOURSAEM/ (DSGRT (AMSQ} +AMP}

XEsXTE+X]

CL5) s THR®AEM=AMP#XIE

G0 TO 26

XIE=THR®AEM/AMP

XE=XIEX]

IF (LR<EQ+D) WRITE (64122) I[TLE+N3+NO

IF (LR.NE«0) WRITE (64107} ITLE#N3IeNOsLR
Cl2)=AMP®X]E

C(I)=SIXHAEM=THRSC (2}
C(4)sTHR¥C(2)=E [ TRAEM

GO TO 46

IF {LC.E@e1l} GO TO 29

XE=XC/TK

XIE=FIVSAEM/ IDSORT (AMPE 2+ INSAEMPAMPR/EIT ) + AMP)
IF (XELGT+AI+XIE) XEaxI+xIE

XIEsXE=X]

CA{2)=AMP*XIE
C{3)=HALF*IN*AMPPeXIE®*2/TEN
Cla)=TEN®AEN=SIX*C{2)~THR®C (3)
CAS==FFTHeAEM+EIT*C {2} +THR®*( ()
ClEInSEXSAEN=THR*C {2y =C {3}

IF (LR.EQe0) WRITE (64122) ITLE«NSWNO

IF (LR4NE«Q) WRITE (64107} ITLEsNSeNOsLR
GO TO 46

AXI
axl
AXI
axl
AXI
axl
Axl
AXI
AX1
Axl
axl
AXT
AXI
AX]
AXI
AXI
AXI
AXI
AX1
AXI
AXI
axl
AX1
AXl
Axl
AXT
AXI
AXl
AXI
AXI
AXI
axl
AXI
axt
AXI
AXI
AXI
axl
AXI
AX]
Ax]
AXI
axlI
AxI
Axi
AxXl
AxXl
AXI
AX]
AXL
aAx1
AXI
AXI
AXI
axl
AXI

227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250

252
253
254
255
256
257
258
2359
260
261
262
263
264
265
266
267
268
269
210
271
272
273
274
275
276
277
218
279
280
281
282
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0L

28

29

30

["RaXsl

32

3

Won

35
36

kg

C(2) = THORAEN

Cia)==C(R}

CiS)nAEM

XIE=TWOHAEM/ANP

XE=XTE«X]

GO 7O 46

DO 30 J=leNT

KaNT+leJd )

READ (91 AX(K) pAXM (K] 4 AXMP (K}

IF (J.EQs1) DRSXI=AX(K)

AXKIS {2 oK) =AX (K} +DX

AXMINT ) mAM

AXMP (NT) =AMP

XE=AX1S{ls1)

XIE=XE~XE

IF (LR.EQ.0) WRITE (5+122} LTLE+NSNC
IF (LRJNE«O) WRITE (64107} 1TLEsNSeNCsLR
GO TO 46

LENGTH OF UPSTREAM AXIAL DISTRIBUTION FOR RADIAL FLOW
IF (SFOAR.EQ.ZRO) GO T0 22

IF (LREQeD} WRITE (541060 ITLEWNS

IF (LRNE+0) WRITE 16,1100 ITLEsNGsLR
GO TO 44

IF (LREGe0) GO TO 33

IF {NR+EQeDAND.IX.EQ.0) GO TO 41

IF {NR+EGQ«0.ANDJIXsNELO} MF=0

IF {MF.NE«0) GO TO 40

IF {19.LT+0.0R.NR:EG.0} GO TO 35

IF (TXeEQe0) WRITE (63110) ITLE.N34LR
IF (IX.NEs0) WRITE {64110} ITLEWN4sLR
G0 TO 35

IF (MF.EQ.0) GO TO 34

IF {NR+EQ.0) GO TO 45

IF (IQ.6GE40) WRITE (64106) ITLEsN4

GO TO 41

ITERATION FOR EMACH [F NOT SPECIFIED (MF = 0)
IF (1Q.LT.0) GO TO 35

IF {IX+EQ+Q) WRITE (641061 ITLEJND

IF (IXJNE.O} WRITE (654+106) ITLEsN4

IF (NOCON.GT.100F GO TO 90

IF (IX) 41436437

XIE=SIN®0W/ (DSART ( (WIP*HEPeWER ) ##2~S T XSOWOWEPP) + W 1P+ WEP+WEP)

FXWRHALF *XIE® (WEPP+WIPP) / (WEP=WIP)

IF (FXW+LE.ZRO) EwWswWE+.10+0

IF (FXW.LELZRO} 6O TO 39

IF (FXWeLT,ONE) EWaWI+DW®{FOURSFXW®RAZ}/FIV
IF (FANSGT.ONE,ORIELEQe0) EwWsWloDuie (5,D+0¢F%W) /TEN
GO TO 39

EA=WOPPP

ES=F IVONIPP+WEPP

ECaTLVeW]IP

EDm~TLYV*DW

KIE=CUBLC (EA+EBLECED)

IF {XIE+GT.ZRO) 6O TO 38

AXI
Axl
AX]
AXI
Ax1
axl
AX1
AXI
axt
AxT
AX1
AXI
Al
Axl
AXT
Axl
Axl
axi
AXI
AX]
axl
AXI
axl
axl
AXI
axlI
AX1
Axl
AX1
AXI
AXY
AXl
axl
axl
AXI
axl
AX1
AXI
AXI
AX1
AxI
AXI
AX1
AX1
AXI
AX1
AX1
AX1
AX1
AXl
axl
AKXl
ALl
AXI
AKXl
AXI

283

287
288

293
294
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| ¥4

kL]
39

0

- &)

42

Lx Nl
w

&4

45

EWsNE=410+0

IF {EW.GF.¥WI) GO TO 39

WRITE (64113)

GO TO 4

EWaWIsHALF#XTE# (WIP+WEP+XIE# (WIPP=WEPDP) /S]X)
WEzEW

IF (WE.GTWG62) GO TO 79

IF (DABS(EW=0W=WI)+LToleD=9) GO TO 43
DWzWE=WI

CALE SORCE {WE.D)

XE=D(1)

WEP=D{2)

WEPP=D (3}

WRPPPaD (%)

NOCONSNUOCON+]

60 1O 35S

IF {IQsLT+0) GO TO 41

WRITE (6,110) 1TLEsN& LR

H=THR® (WEP+WIP)} / (WIPP=WEPP)
HHSTLV*DW/ (WIPP=WEPP)
KIESHH/ (OSQAT (HeH4HH) oM)

IF (MF) 44,4245

EWaw]+ A ]E® (WIP+ THR®*WEP=XIE* (WEPP=XIE®WRPPP/SIX) j /FOUR
G0 TO 39

EMACH=WE /DSQRT (GT=~GE¥WE *wE)

ITERATION FOR EMACH COMPLETED
EBET=DSURT (EMACH#EMACH=0NE )
EPSI=G2*DATAN(G4*EBET) =DaTAN(EBET)
FPSI=EPSI+TWORETA/QT

FHMACHZFMVY (FPST)

IF (BMACH.GT,FMACH) GO TO &5
BMACHaFMACH

BPSIzFPSI

MP=0

GPSI=FPSI-ETA/QT

GMACH=FMY {GPST)

IF {IE.EQe}) AHSGMACH

HG2{ (GH+GSEGMACH*#2) #2GA/GMACH) +#QT
APSIaBPSI~ETAZGT -~
AMACH=FMY (ARPST)

RAZ [ (GE+GOS*AMACH##2) 8 &GASAMACH) ##QT
XA=RA*CSE

IF (SFOAGT,7R0) XIExSFOA/SF+XE=XA=X01
IF (SFOALLT.ZRO) XIEC#XE=SFOA/SF=RGACSEX0]
XIaXE=XIE

X0=¥]=X0]

X1=X0+X01

IF (1Q+1T«0) GO TO 48

XB2 ((GE+GS4AMACHS#2) #4GA/BMACH} ##QT

IF (LCelTe2) XCx({GHGS#CMACHR 22} #8GA/CMACH) 9 40T
Ctlri=wl

Cl2)=XIEWIP

CL)=HALF*WIPPeXIE®XIE

Cta)=TENDW=XIE® (FOUR®WEP=HALF*XIESWEPP} =SIX*C (2) =THR®*C (3)
C{S)=XIE# {SEVSWEPAELTSWIP~XIE* (WEPP=-THR*WIPP/TWO} } =FF TN®DW

axt
AXI
AX1
AXI
AX]
axlI
axl
AX1
AX]
AX1
AXI
AX]
Axl
AxI
AX1
axl
Axl
AXL
AXl
axil
AXY
axl
axl
AX1
AXl
AXI
AX]
axi
AX1
Axl
axl
axl
axi
AXI
axi
AXI
AX]
AXI
AXI
AX1
AR
AX1
axl
axl
axj
[191
AXI
axl
Axt
AX1
AXI
AX]
axl
AX1
AXI
AXI

339
340
34)
a2
343
A4s
345
346
347
348
349
350
351
s
353
354
55
56
57
ass
59
360
361
362
363
364
365
366
387
368
3569
are
3Tl
are
33
74
375
376
377
378
a7e
380
81
38z
383
Jas
385
386
387
388
389
390
391
392
393
394
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(44

46

o7

48

49
S0

Cl6)2SIX*0ON=THR®XLIE® (WEP+WIP) +HALF X IE*XIE* (WEPP=WIPP}
IF {MF,EQ.Q+AND.IXJEQ.0) C(H)=ZRO

IF (MRJEQeD4AND.IX.EQ,04AND,LR.EQ.0} C(S)xZRO
IF {SFOALEQ.ZRO) Cl&)=2RO

EQE=EPSI/ETA

WIPPPESIX*C (&) /RTEZXIE/XIE

WEPPP=SIX# (C (4} «FOURNL (5) »TEN®L (6) ) /KIE/XIE/XIE
WRITE (6999) MyN+EOEsBMACH)CHMACHGAMsETAD »RC+SF
WRITE (6¢102) SEsTKsWHO s WWOPsEHACH»FMACHIMC o AH
IF {LRNF+0) WRITE (641231 WIsWAPIWAPP+AM 9 AMPyAMPP
IF (1SE«EQ¢1+ANDLR.EQGeD]) WRITE (5¢123) WIeWIPsWHPP4AMyAMP ¢ AMPP
IF C(ISEEQ.1) GO TO 47

WRITE (641011 WI.NIPWWIPP2WIPPPWOPPP

WRITE (6+98) WE.WEP+WEPP+WEPPP+WRPPP

WRITE (6+94) CL1)+C(2)2C13)+CIA)I+C(5)4CUO)
WRITE (6495) XOI+XIeX0sYO+XIEWXE+NOCON

IF (ISE.+EG.1) XC=XE

IF {(ISE«EQ.1) XA=XE+TYE®CBET

NQCON=(

wWiPzWHP

IF (GMNEONE} GO TO 49

if (PP,LT.ZRO} FRIP*ZRO

IF (PP.EQ.ZRDY FRIPzaxQeSF

IF (PP.GT.ZRO} FRIPaPP~SF®*XA

IF {1Q.LT.0) GO TO 50

XOIN=SF#X0+FRIP

KLINsSFeX1+FRIP

RIINaSFeX1+FRIP

WRITE (6¢125) OMeXOINsXLiINsAMyXIIN

IF 110.67.0) GO TO 67

IF (N) 87+504+68

MaZONK®{MD=1)+1

Jo=l

N=aND

IPsIN

IF (QM.NELONE) RETURN

CALL OREZ (Ce6)

iFf (IQ.LTe0) GO TO 51

IF (MO.GE+04ANDWNLGT 07 GO TO 5]

WRITE (&¢104)

G0 YO 52

WRITE (6.105)

IF (1P) 53,6758

LENGTH OF DOWNSTREAM VELOCITY DISTRIBUTION» RADIAL FLOW
WCEG2#CHMACH/DSQRT {CMACHPCMACH+G9)
WEsG2eBMACH/DSART (BMACH®EMACHG9)
WCBxW(-wd

CALL SORCE (WB.D)

x8=D(1)

wee=n(2)

WSPPaD(3)

WSPPPaD (4}

Cll)=u8

WCP=ZRO

IF (LC} 54455+56

AXI
Axl
AX]
Ax1
axl
AXL
axl
AXl
[¥ 41
AXI
AXI
AXl
axl
AxI
ARE
AX1
AX1
AxXl
axl
AXL
AXlL
AXI
AXL
axl
AXI
AXI
AXL
AXI
AXT
axt
axl
AX1
axi
AXl
Axl
Al
AX1
AX1
AXI

AXD

AX1
AX]
AXI
AXl
LE
axl
AKXl
Axl
AXI
AX]
axl
axl
AX1
AXL
AX1
Axl

395
396
397
398
99
4006
491
402
403
404
405
406
«07
408
409
410
411
412
413
hik
415
416
417
418
419
420
421

422

423
424
425
426
427
428
429
430
431

432

+33
434
435
436
437
438
439
L2
441
an2
443
shi
445
LT 2]
447
448
449
450
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€L

S4

55

56

57

Nnoo

XBC=THR®*WCB/WBR

WBPPz=TWO*WAR/XBL

WRITE (©4109) ITLE#N3

60 TO ST

WBPP=WSPP

IF (MCP.LT,0) WRITE (64109} ITLEWN3
IF (MCP4LT.0) XBCN=THR*WCB/WBP

IF {(MCP.LT,0) XRCMZ+TWQWWBP/WRPD

IF -{MCPWGT40) WRITE (6+109) ITLEsNS
IF {MCP.GT,0) XBCNaFQUR*w(B/WBP

IF {MCP.GT,0) XBCM==THR*WBP/WBPP
ABCH=ONE=XBCN/ XECM

If (ABUMLLT,.ZRO) GO 10 88
XBC=XBCN/ {DSQRT {ABCM]} +ONE)

GO TO 57

WBPPa=WSPPe IR/ TEN

axl
AXI
AX]
axi
AXl
axi
AX[
AXl
AXi
AXl
AXI
axl
ax1
axl
AX]
Axl

IF (MCP4GT.0) XBCMNxCUBEC {WSPPP/THR . THR®WAPP » TLY®WER »=TWOSTENSWER) AX ]

IF (MCPJLT.0) XBCHN=CUBICIWSPPR/SIX,WOPP . THROWAP s =FOUR*WCE)

XACMX=F IV*WCH/ (DSQRT (WBP# 2.1 P*WCB®WSPP/EIT) +WBP)
IF (XCeGTXB+XACMX) XCEXB*XBLMX

IF (XCel.T+XO+XBCMN) XCaXB+XBCMN

XBC=XC=XH

IF (MCP.LT.0) WRITE (64109) JTLEsn&

IF (MCPWGT.0) WRITE (64109) ITLEWNS
C(2)=xBCewWBP

C(3) =HALF*XBC*XHC*WBPP

IF {MCP4LT.0} C(4)}3FOURSWCB=THR®L(2) ~TWOC {3}
IF (MCPeLT,0} C(5)==THROWCB+TWO*C (2) «C{3)

IF {MCP«GT,0) CU4)*TEN®WCB=-SIX*C(2)=-THR*C(I)
IF {MCPeGT40) C(5)x=FFTN*WCB+EIT®C(2) « THR*C (3)
IF (MCPeGT,.0) C(6)=SIX®WCB=THR*C{2}=C(3)

IF (LCaLTe0) Ci5)22RO

IF (LC.LEeO) CU6)=ZRO

XC=xXB+XBC

G0 TO 63

LENGTH OF DOWNSTREAM MACH NO. DISTRIBUTIONs RADIAL FLOW
CALL CONIC (BMACH+D)

X8sD(1)

BMP=D {2}

SMPP=D(3)

SMPPP2D (4}

COMECMACH=0MACH

C{1)=BMACH

BMPP=SMPP*IP/TEN

IF {LGCWNEs0) GO TO 59

IF (MCP+LT.0) WRITE (6,108} FTLE N3
IF (MCP4LT,0) XBCN=THR*CEM/BMP

IF {MCP.LT.0) XBCMx=TWO®HMP/BMPP

IF (MCP+GT.0) WRITE (64108} ITLEsN&
IF (MCP4GT,0) XBCN=FQUR*CEM/BMP

IF (MCP4GT,0) XBCM==THR*HMP/BMPP
ABCMaONE. - XBCN/XBEM

IF (ABCM.LT.ZRO) GO TO &8
XBC=XBON/ IDSGRT (ABCM) +ONE}
XCaxXBexac

AX1
AX1
Axt
AX]I
axl
Axl
axI
AxI
AXI
AXI
AXY
Axl
Axl
AXI
AXI
AXL
AXI
Axl
axl
axl
Axl
ART
AXT
AX1
AX1
axl
AX]
AX]
AXl
Axl
AX]
axl
axi
axt
AXl
AXL
AXI
AXI
AxI

451
a52
453
454
455
456
457
458
459
460
%61
462
%63
464
465
466
467
%68
469
470
471
472
473
474
475
476
477
+78
#19
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500

502
503
504
505
506
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59

&0

61

62

63

64

65
66

&7
68

&9

GO TO 62

IF {LC«NE«l) GO TO 61

DO -60 KxlsND

READ (9} AX(K) s AXMIK) ¢ AXMP(K)
IF (KeEQsl} DX=mXB=~AX(1)
AXIS{h oK) 2AX(K) +DX

IF (AXMP{2) +EQeZRO) CALL SCOND {AX+AXM+AXNP+ND)
AXM{]}=BMACH

AXMP (1) =8MP

AC=AXIS(1eND)

XBC=iC~XB

WRITE (6y11}) ITLE

GO TO 63

Axl
axl
axl
AxI
axl
AX1
axi
axl
AXl
AX1
axl
AR
(131

IF {MCP.GT40) XBCMN=CUBLC{SMPPP/THR THR#BMPP » TLY*BMPe=TWO=TEN®CHM) AXT

IF (MCPJLT40) XBCMN=CUBIC [SMPPP/SIX+BHPP s THR#EMP ¢ =FOUR*CEM)
ABCMX=FIVSCBM/ (DSGRT (BMP##2+ JPH#CEMASMPP/ETT] +BMP}

IF (XCeGT<XB¢XBCMX) XCEXS4XBCMX

IF (XCeLToXBeXBCMN) XCx=XB+XBCMN

ABC=XC-28

IF (MCP,LT,0) WRITE (6+108) ITLEsN&

IF (MCPsGT.0) WRITE (6+108) ITLEWNS

C(2)nXBC*BMP

C () mHALF*XBL*XBC*BMPP

IF (MCP.LT,0) Cl&)=FQURSCEM=THREC (2)=TWO*C(3)

IF (HCP+LT,0)} C{5}2=THRECBM+TWORC(2)+C(3)

IF {MCP+GTo.0) C(AI=TEN®CBM~SIX#C(2)=THR#C(3)

IF (MCPoGT.0) C(5)==FFTNSCBM+EIT®C(2) ¢« THR®C(3}

IF (MCP.GT,.0) C£(6)2SIX*COM=THR®*C(2}=~C{3)

IF (LC.LE.D) C(&)=ZRO

CPP=ZRO

CMPeZRO

IF (MCPWLT.0) CPP={(TWOSC(3)+SIXAC(4)+TLV*C(S)}/XBCes2
BPPP=SIX®C (4) /XBC/XBC/XBC

CRPPaSIAW (C{4) «FOURSC(5) +TEN®C{6) ) /XBC/XBC/XBC
ADeRCH+TYESCRET

WRITE (6+100) MyNsNP+GAMvETADSRCeSF

IF {IP) 64467465

WRITE (64116) WB+WBP+WBPP+BPPPUSPP WL+ WCP1CPPyCPPP W WSPPP
GO TO 66

WRITE (64117) BMACH+BMPsBMPP4BPPP 2 SHPP+ CMACHCHP+CPRCPPP s SMPPP
WRITE (6494} CU1)1+C(2)4C(3)+C(4)4CI5)sCiH)

WRITE {5+118) AMACHsXA3XBeXBCyECeXD

XAIN=SFEXA+FRIP

YAIN=SFSXASDTAN{ETA)

XBIN=SF#*XB+FRIP

XCIN®SFEXC4FRIP

XDINaSF#XDeFRIP

TYINaSFeTYE

WRITE (60120} XAIN+YAINXBIN, XCIN+XDINSTYIN

IF {N) B87s44+68

IF (MQLT.0} 60 TC 69

CALCULATE AXTAL OISTRIBUTION
WRITE (64103) [AXIS

FH=H=]

L= (Ne&D) /4]

AXI
axl
AXI
axl
axl
AXI
Axl
AXI
axl
AXI
AXI
axl
axl
(311
AXI
ALY
AXI
AXl
axl
axl
AXI
AXI
AX1
axl
AX1
AXI
AXl
AXI
AXT
AxlL
AX]
AXI
AxI
axl
AX]
axl
AXE
AXE
AXI
AX1
AXI
AX1

507
508
509
510
St

512
513
Slé
515
516
517

518
519
S20
521

522
523
524
535

527
S28
529
530
531
532
533
534
535
536
537
538
539
540
5S4l
542
543
Sas
545
546
Se7
548
49
559
5§51
s52
553
S54
568
556
557
558
559
560

562
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To

71
12

73

T4
s

T6
77

78

79

80

IF (IPeNEa0) XIE=XBC

IF (IPNE.O} XI2x8

0=ZRO

00 84 K=xLeN

IF (ISE<EQ,]1,AND.LC.EQ.1l} GO TO T2

IF (IPW.NE.0) GO TO 7O

IF (NXEG.0} Qu{(N=K)/FN)®e2

IF (NXeNE+D) Qx{[N=K)/Fr) s (NX#*],0=]1}
GO TO 71

IF (LCEGW1) GO TO 72

a=(K=1})/FN

AXISU]+X)=XIERGaX]

RMACH=ONE

IF (ISE.EQ.1) 6O 7O 75

IF (AXIS(1eK) LT.ONE#]1.D=9) GO TO T4
AB=AX]S {1 eK)2® (RGA/OQT)

IF (ABuLTeTWO) SMa{(ONE+DSQRT (AB®GM~GM) ) #4GA) #42
IF (AB.GE.TW0) SM={AB/GS)=#GT
CMzSMee(s

FQaSM® (GS+G58SM=CH*AB) / (SM=0ONE) /G5/6G6
SM=SH=FQ

IF (DABS(FQ) +GT+1.0=9) GO TO T3
RMACH=DSGRT (5™}

IF (1P.LT.1) GO TO 78

IF (LC.EQ.1) 60 TO 7&

XMaC{L)+Q* (C{2)+QG* (C{I)}+Q* (C(4)+Q*{C (5)+QeC (6} 1)

IF (ISE.EQ.1.OR.K+EQ.1} GO TO 77

IF (RMACH.LT.XM) WRITE (6¢124) KsRMACH+XM
6o TO TT

XMEAXM (K}

AMP={C (2} +0% (TWOHC (3) +0# { THREC {4} +0% (FOURSC (51 +Q*F [VHC (6] 11) } /XTE
IF (LC+EQe1) XMP=AXMP (K}

XMPPaTUOR (C(3) +0% (THREC (4] 408 (STXOL(5) +DRTENSCLA) ) 1) /XTESXIE
XMPPPSIX# (C{4)+0% (FOURSC (5) + TEN#QC(6) ) ) FXIE/KTS/XTE
GMM=XM#XM#GS

GQ=DSART (GMM)

WEGZSXM/GO

WMRGS*G2/G0/GMM

WPWMtXHMP

WPPWMS { XMPP=THR*XM#* XMP*XMP/GMH)

GMPEF 1V4XMOXMXMP#XHP /GMM=THR¥XM® LMPP = XM # XHP
WPPPaWM® ( XMPPP + THR* XMP#GHP /GHM }

IF {MQ.LT.0) GO TO 83

IF (MOD(K=1sL].NE.0) GO T0 83

60 To 82

WEC(1)+Q% (C{21+Q*#{C (3 +Q% (CL4) +Q7 (CIS) +Q*C{6) 1))
WP=(C(2)+Q® (TWOC{3) +0% (THR¥C (4) (% (FOURSC {5) +Q#F [VaC (6] 1) }) /XIE
WPPTWO# (C(3) +0% {THRC {4) +Q® (SIXC (5) +QsTEN®C {6319 ) /XIE/XIE
WPPPZSIX® (C{4) +Q* (FOURC (5) + TEN®Q®C(6) 1) /X1E/KIE/XIE
GNWEGT=WhWeGH

IF {GWW.GT,ZRO) GO TO 80

WRITE (6,119)

60 TO 4

GW=DSGRT (GHN)

XM=W/GW

IF {K.E0,1,0R.K.EG.N} GO TO 81

AXI
AXL
Axl
axl
AXI
AXI
AXI
AXI
Aaxt
AXI
AxI
AXI
AXI
AXT
axl
AXI
axl
AXI
AXI
AXL
AX]1
AXI
AX1
AXI
AX1
AX]
AX1
Ax]
AXI
AXI
axl
AX1
axl
axl
axl
axl
AXL
axlI
AX1
Al
AxI
(171
axl
AXI
AX]
AXI
AX1
AX1
Aaxl
AXI
AXI
AXI
AXL
AX]
AX]
AXI

563
564
565
566
567
568
569
570
571
572
873
574
575
574
577
578
579
580
581
582
sA3
584
285
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608

T 609

610
611
612
613
6la
615
616
617
618
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a1

az

83

a4

85

8e
a7
1]
89
90
91
92
9%
95
96

97
98

%%

lo2

IF (IPEQeD AND.RMACH.GT ¢ XM} WRITE (64124) KyRMACHsXM AXI

IF (IPaNE+Q.AND RMACH,LT.XM) WRITE (6¢124) KeRMACHsXM AX1
XMW=GT/GW/GW AXI
XMPEXMW*WP AXI
KMPP=XMy® (PP +THREGBSWeWP ¥ WP /GHW) AX]
GWP=F IY*W* W *WP*WP =GB/ Gnn ¢ THREWSWPP s P o WP AX1
XMPPPRAMN® (WPPP+ THRE*WPHGASGWP /GWN ) AX1
IF {MQ.LT.+0) GO TO 83 Axl
IF (MOD{K~1leL)+NE.D} GO TO 83 axI
XINCHRESFR#AXIS (14K) +FRIP AXI
WRITE (6497) KeAXIS{14K) ¢ XINCH XMy XMP o XMPP+ XMPPP o W4 WP +WPP 4 WPPP axi
IF (MOD{K+L=1410%L) 4EGU) WRITE (&s115) AXT
AXES (34K) =XM AXT
AXIS (2+K) *ZRO axl
AXIS (SeK) FTERHALF# { XM=ONE/XM) #WP /W axl
XBET=DSURT (XM®#2=0NE) AXI
AXIS(69K) =GZRDATAN(G4#XBET) =DATAN(XBET) axl
IF {10EQe0.ANDLIPEQ 0 +ANDMLLE,0) GO TO 50 AX1
IF (M} 87 44,85 axl
IF (IPsNE+0) RETURN Axl
DO B6 K=1sN AXI
DO 86 J31+5 AXI
TAXI (K} ZAXIS (JeK) axl
RETURN AX]
LVe=] AXI
RETURN axi
WRITE (6e114) ax1
GO TO & AX]
WRITE (641121 AXI
GO TO 4 AXI
WRITE (64121} NOCON AX1
G0 TO & axl
STOP axl
AxI

FORMAT (161I5) AX1
FORMAT (8E10.0) AX1
FORMAT (1HO¢OX93HC12F1],7¢3Xe3HC2uF12,843Xs IHCIZLPE]LS« T+ 3 N+ IHChx, AXI
1E15,7 ¢ 3N e IHCSE4E15 7+ 3Xe IHCE=4ELS,T) AXT
FORMAT (1HO 49X p4HXOEZFE248e3X93HNIZF) 248+ 349 3HX03F12: 893X 3HYO=F124X]
14843Xe4HXIERF12.8+3X9eIHXEZF12.8+15¢11H ITERATIONS/) AX1
FORMAT (1H +aXe26HCURVE FROM MACH 1. XIE®F12,846H C22F12,8,6HAXI
1 C3=1PE)S,T4+6H C4=ELlS5aT96H  X130PF12.8 7) AX1
FORMAT (1H »1342F10,5+F104691P3E1446¢0PF10.601P3EL4,6 ) AXI
FORMAT (1HO¢9X+3HWEZF 12,824 X3 4HWEPZF 124844 X s SHWEPPR IPELS ¢ 724X r6HWAX]
1EPPPEYELS. T s4X ¢ 6HWRPPPZ4ELS,T) AXI

FORMAT {IH +4X431HNG, OF POINTS ON 1ST CHAR. {(M)=13,5X+26HNO, OF PAXI
10INTS ON AXIS (N)=I[3¢5X+FHEPSI/ETARFB,Se4X e+ SHBMACHEF T 450 4 X4 6HCMACHAX
2RF 9,5/ /5K s GHGAMMAZF T o4+ 52+ 22HINFLECTION ANGs (ETAI2FB8.4+2X s THDEGREAXI
IES+5X« IPHRAD, OF CURV, {RCIZF11l+6+5Xs1BHSCALE FACTOR (SF1aF13.8) AXI

FORMAT (L1H o#Xe3IHND. OF POINTS ON LST CHARs (M)ZI1345K+26HNO, OF PAKI
10INTS ON AXIS (N)=I3,S5X+33HNQ, OF POINTS ON LAST CHAR. (NP)=I3//5XAXI1
29 6HGAMMARF T .4 ¢SX o 2ZHINFLECTION ANGe (ETA}FBu4 92X+ THUEGREES»SX» I9HAXI

3RAD. OF CURV, (RCI=F13,8+5X+18HSCALE FACTOR (SF)aF11.6) axl
FORMAT (1HO¢OX o AHWIZF 1280 4X o 4HNIPRF12,8s4X s SHWIPP=y IPE1S.T+4Xe6HWAXL
LIPPPRYELS e T o4 X GHWOPPPE4E15,7) AXL

FORMAT (1HO 44X 3HY#aF10.Bs 4N o GHRMASSSF L0 4B o4 X+ 4HWWOIF10.7 44X SHUWOAXT

619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
&57
658
659
660
661
662
663
664
665
666
667
668
669
670
&71
672
673
674
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LL

103

104

116

17

1i8

119
120

121
122

123

124
125

[alaZksl

1P%3F 1) eBedXoSHEMACHE oFB. 504 X2 6HFMACHEF 10, To4X oAb s 2HHEF9,5) AX1
FORMAT (1H s1X+A476H POINT8X» LHX s TXoSHX(IND 3%+ OMMACH NO, s &X+SHOMAX]
1/0%X+8Xs THDZW/DX2e TX s THDIM/DXI» 7K+ SHWEQ/A® oS X s SHDW/DX ¢ 8X s THD2W/DX2 ¢ AK]

27Xy THDIN/DX3/) axt
FORMAT {1HOD.//) AX1
FORMAT {1H1} axl
FORMAT {1H]ls3A&s16H THROAT CONTOURs A& s49H=DEG ARIAL VELOCITY DISTAKE
1RIBUTION FROM SONIC POINT/) axl

FORMAT {1H1+3A%,18H INVISCIO CONTOURs+AGsAS+68H AKIAL MACH NUMBER AXI
IDISTRIBUTION FROM THROAT CHARACTERISTIC WHICH HAS+Iae?H POINTS /) AXI
FORMAT (1H +3A4,201 DOWNSTREAM CONTOURs+A4+35H=DEG AXIAL MACH NUMBAXI

1ER DISTRIBUTION/) AXI
FORMAT (1H +3A4+20H DOWNSTREAM CONTOURs +A4e32H=DEG aXIAL VELOCITY axi
LOISTRIBUTIONS) axl
FORMAT (1H143A4416H THROAT CONTOUR»sA4+69H-DEG AXIAL YELOCITY DISTAXI
IRIBUTION FROM THROAT CHARACTERISTIC WHICH HASel4s7H POINTS /) axl
FORMAT (1H »3A4,19H DOWNSTREAM CONTQUR/) axl
FORMAT {(1H0s3BHSOLUTION TO CUBIC EQUATION IS NEGATIVE) ax1
FORMAT (1HO043SHRC IS TOO LARGE TO ALLOW A SOLUTION) AXI
FORMAT {(1HO,3BHAMACH 15 TOO SHALL TO ALLOW A& SOLUTION) AX]
FORMAT {1+ ) AXI

FORMAT (1HO9X s IHWBEF12.8+4 X+ 4HWBPAF12,8+4XsSHUBPP R, IPELS . T+4Xe6HWAX]
1BPPPRsELSe 745X SHWSPP2ELS 4T/ /10Xy IHWCEOPF [ 24804 X s 4HWCPRF 12 Ao 4Xe AKE
25HWCPP2s IPELS « T4 & Xy GHWCPPPELE 1S T 94X o GHWSPRPZ4ELSeT } AXI

FORMAT {(1H0,9X46HBMACHAF 945+ 4 X+ 4HBMPRF12,B+4X+SHEMPP=y JIPELIS,. Te4Xs AXI
16HBMPPP= 4 E15,Te5X s BHSMPPZ4ELS4 T/ /10Xy 6HCMACHROPF 3454 X9 4HCMP2F 12, AX1

2894 Xy SHCNPPxy [PE1S e To4X v SHCMPPPRE]1S T o4 X g GHSMPPPZ4EL1S5,7) Axl
FORMAT (1MO+9X+6HAMACHSFL] o To X g IHXARGF L]  T94 X9 IHXB=2Fll o Tetdy AX]
14HXBC=sF11 o794 X2 3HXCEyFL24 T4 X9 3HXD=F12,7/) AX]I

FORMAT (JHO+4THVELDCITY GREATER THAN THEQRETEICAL MAXIMUM YALUE) AX1
FORMAT [IH +9X s THXAUIN)=oF 11 7+9Hy YALINIZ4F11aTo9Hs XBL{INI=«F12,TAX]

199Hs XCUIN}ZoF12.Te9Hy XD(IN)Z9F124Ts9He YD{INI=yFl1a7 /) AXI
FORMAT (IM]14*NO CONVERGENCE INY4+I&et ITERATIQONS® ) AXI
FORMAT (1H1,3A4¢}8H INVISCID CONTOURs+A4sAS+48H AXLIAL MACH NUMBER AX].
1DISTRIBUTION FROM SONIC POINT /) AX1
FORMAT {IHO+9Xp3HWIRF12,800Xe4HWIPIF12B8e4KsSHWNIPPRIPELS, TodX s IMMIAX]
1=0PF 124824 X s 4HMIP2F 12,844 Xy SHMIPP2IPELS,T ) Ax]
FORMAT {1H 413484 RMACH=12F12.8 } AXI
FORMAT {1H o9Xa4HMACHF11e8e3H AToF1147427H INas MACH 1 AT.F11.TAX]
1912H INes MACHYF11.8v3H AToFL1a?s4H LN, /) axl
END AL
SUBROUTINE BOUND - BOU

BOU:
TO OBTAIN THE CORRECTION DUE TO THE TURBULENT BOUNDARY LAYER agu

aqu-
IMPLICIT REAL®B{AxH0=2Z) aQu
COMMON /GG/ GAMaGMeGleG20GI0G0G54G64GT+BRB9GI+GARGAPQT BOU
COMMON ZCORR/ DLA(Z200) yRCO(200) +DAX(2003+DRA(200) +SL{200) +DR2 Bou

COMMON /COORD/ G200} «FS{200) pWALTAN(2001 S0 (200) +WMN{200) + TTR{200B0U
1) +DMDX (200) +SPR{200) «BTALZ200) +SREF (200) « XBIN+ XCIN+GMA +GMB ¢ GML « GMD BOU
COMMON /PROP/ AR+Z0+RO+sVISC¥WISMsSFOALSHL » CONY BoU
COMMON /PARAM/ ETADRC s AMACH s BMACH ¢ CMACH s EMACH  GMACH 9 FRC 4 SF o WWO ¢ wWBOU
10PsQMeWE»CBET s XEvETA+EPSI 9+BPSI+ X0+ TO+RRC+SDQ1 XBy XCo AH9PP o SE 4 TYE + XABOU

COMMON /HTTR/ HAIRsTAWs TWQeTWs TWAT e QFUNsGFUNW» IPGv TS0 IV IW . sou
COMMON /CONTR/ JTYLE(3) vIE+LReIToUBeJQsUXeKATsKOBL +KINGeKO+LV+NOCONSBOU
1INsMCoMCP ‘ agu

675
676
677
678
679
&80
681
682
683
684
68%
686
687
688
689
690
691

692

693
494
695
696
697
698
699
T0O
701

102
703 .
- 704
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OWwn

DIMENSION Z(16)y D{16)s SCVI204)s SK(200}» CDS(200), RW(200)
DATA ZRO/0,0040/s0NE/L+D40/3THO/24D00/35IX/6,040/+HALF/5,Dw]/
DATA THR/3.D40/9FOUR/4.0+0/+TEN/14D+17+TLV/ 142001/

DATA CFLl/3,8650=2/9CF 2744561040/ 9CF3/5,460=174FS1/3,178979710e0/
OATA LY/Z&H Y/, LS5/4H  S/+DD/BHD2Y/DNRZ /+DK/8H CURV.

80y
aqu
8oy
BOU
8oU

DATA Z(1)/.052995325D=1/+Z(4)/41222977958D+0/+Z(T)/,35919822460+0/B0V
DATA Z(2)/,277124885D«1/4Z(5)/41910618778D+0/+2(8)/,45249374510+0/B0U

DATA Z1(3)/,671843988D=1/+42(6)/.270991611200/
DATA DI1)/4135T622970=1/+D(2)/431126762D0=1/+0(3)/+475792558D=1/
DATA DI(4)/,623144856D=1/40(5)/4T7479799440=1/+D(6)/,845762597D=1/
DATA D(7)/.913017075D=1/+0(8)/.3472530520~-1/

00 1 J=9.l6

D{J)=DL1T7=0}

Z(IYsONE=Z {1T=J)

D0 2 J=leKAT

SREF {Jy=5{))

SBINSXBIN

SCIN=XCIN
TRPI=CONY/90,D+0
FCC*2.,050+0+DLOG 41 0+0)
CHAIR=GAM*G1*AR/RO/RO/TT 7o 648850+0
IF (1T.EQ+0) XBL=SBL

READ (5+664ENDRES) PPQeTOsTWT+ TWAT e QFUNoALPHs EHT» IRsLOWLY

PPS=PPQ

RHOE1 44 ,0+0%PPS 20/ AR/ TO
IDs1AB5(LD)

KOR=aKO

IF (LABSUIN) ,EQ.10) KORz]1

IF (HMCPeLT.0) KOR=KING
ROY=ONE

IF (IE.EWQs0) HWEAH

IF {(ID¢€Q.0)sOR. {IE4EQ.L) )} HWEZRO
IF {HW,EQ«ZRD) YOH=ZRO

IF (HWJEQ+ZRO} YOHAZZRO
ALF=DABS [ALPH}

ARC=FRC

IF (IHT+LT.0) ARCxFRCe®(JE+])
PGzl

Iwz]l

IF (LVJNEsQ) IN=IABS(LV)

DO & JE1sKAT

S 1) =SREF (J}

SL{JI =S (I}

R (J}=FS (J)

RCO (NI =FS L)

SCWEDSART (ONE+WALTAN(J) ##2)
SK{J)=SD{J) /SCWee3

IF (KATJEQ.KING) G0 TO &

IF (S{J)oLT.SHL) KBL=Je2

DRX {J}=WALTAN (J)

IF (KBLeGT,KAT) KBLEKAT+4

DO S8 IvxlsIW

IF {(IVeGTal) sAND.(IV.LToIW}) GO TO 1S
IF {LD+GEsQ) WRITE (Ge80) ITLE+PPS+TO

BQU
Bgu
BOY
Bou
Bov
aou
agu

- BOU

BOU
aqu
80U
BOU
BOUY
BOY
8oy
BOU
BOU
BQU
BQu
-]
8oy
agu
Bou
aov
Bov
aou
aou
BV
Bou
BOY
2oy
20u
agu
aov
agu
aou
BOU
80u
BouU
80u
8Qu
BoU
BOU
80y
agv
BgU
Boy
agu
aou
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16

17

IF {ALPH.GT,ZR0) GO TO 6

ALPHARZRO

IF (LD2GE+0,0R.PPUEQ,ZRO) WRITE (6471}
G0 YO T

ALPHARALPH

IF (LD+GE+D,ORPPREQLZRO) WRITE (6470}
IF (1IR.EQ.2) GO TO 13

IF (ALF.EQ,ONE} GO TO 8

IF (LD+GE«DOR.PPGEQGZRDI WRITE (5475}
80 Y0 9

IF (LDeGE+D.ORPPQER,ZRO} WRITE (6472}
IF (IR} 10.11s12

IF (LD+GE+0,0R.PPQ.EQ.ZRC} WRITE (G474}
GO TO 14

IF (LD+GE+0.0RPPRJEQLZROT WRITE (6,73
GO TO 14

IF (LD+GE+0.0R.PPAEQ.ZRO) WRITE (6,76)
GO TO 14

IF (LD+SE«0,0RPPQEQZRD) WRITE (6477)
IF {PPQ.EQ.ZRO) GO TG 60

CAPI=,550+0

1Ppag

1J=]

D0 56 J=I+KAT

BET=TTR {.J) «ONE

STR=ONE/TTR())

TE=TO#*STR

RAJ=WHNN 1)) # (GTRSTR) #8GA

IF (IHTWGE.0) RAJERAJ®QT

SCWaDSQRT {ONE«DRX (J) #a2}
EMUsVISCH#TE*DSGRT {TE} /{TESVISM)

IF (TE.LT+YISM) EMUSHALFSYISC®*TE/DSQRT (VISM)
IF (VISMeLE.ONE) EMU=VISC*TE##VISH
TAW=TE® (ONE+RD4BET)

AHQE®RHO*STR*=G]

VEsWMN (J] *DSQRT (GAM®AR*TE}
REO=RHOE®VE/EMU/TLY

IF [HW+5TZR0} YOHaFS (J) /HW

IF {IE+EQaD+ANDHW,GTLZRO) ROY={HW/FS{J) +ONE) *TRP]
K=J

IF {.J.EQ.1} GO TO 19

IF {JeBT+KOR) KaJ=KOR+1

IF (K=3} l&s1Tel8

0525{J) =5 (J=1)

SMD=EHALF *DS

GO TO 19

DT=5{J) =5 (J=1)

DST=DS+DT

SMA=DST®* (TWQ=DT/D5) /51X

SMCaDST® (TWO=DS/DT)/SIX

SHMBEDST=SMA=SMC

HBxH

IF {IV.GTel) GO TO 1O

BMA=TWO/05/D57

BMBe=TW0O/DS/DT

BMCaTWO/0T/DST

BOU
aou
BOU
oy
Bou
Bou
a0y
a0y
B8ou
80U
aou
80U
8Qu
BQU
8oy
agy
BOU
aqu
aou
BOY
8ou
BOU
aou
aou
aou
BQU
aou

BQU

aou
80U
Bou
Bou

BOU .

BoU
aQu
80U
Bou
8oy
|aguy
agu
BOU
8ou
80U
8oy
8ou
8Qu
8oy
aou
BoU
Bou

Bou -

[L+1)
Bou
aQu
BOU
80Qu

127
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18

19

20

21

a2

23
24

25
26

ar
28

60 10 19
DU=S(Jr=5(Jj=1}
DT=S{J=1)=5{J=2}
DSaS{d=Z) =5 (U=}
DST2DS+RT
DSTU=DST+0Y
DTU=DT+Dy
PUT=DU~DT
DTS=DS~DT
DTUS=DT +TWO* {DU=DS}
DTSUSDT +THO® {DS=0U)
DSTTURTWO® {DST+DTU}
HA=HB

HB=H

QMAZHALF #0S# (ONE=DS#® (THR* (DTU+DL) /DSTY/DSTU/SIX)
QMB=HALF *D5® (ONE «DS® [ TWO+ {DST+DT)/DTU} /DT/SIX)
QMC==D5*#3# (ONE+ (DTU+OU) /DST) /DT/0U/TLY

QMD=0S#*234 (DST+DT) /DY/DTU/DSTU/TLY

SMAZHALF*0S+ (DUT #DTU#3/DS~D5#DS# (DS+DSTTU ) /DST/DSTU/TLY 8
SMB=HALF#DS T+ {DS*D5# (DSTTY=DS) /DT+DTHDTHDTUS/DS=-DUSa3® (DSTU+DST) /DBOV

1S/0T)/OTU/TLY

1T/DUY 7DST/TLY

SHCIHALF'DTUO(DT'DTODTSUIDd°DU‘DU*(DSTTU‘DUI/DT-DS"3'(DSTUODTUlIDBOU
8oy
SMD=HALF*0U+ (DTSS0S T+ 3/0U=DUSDUS (DU+DSTTUN } /DTU/DSTU/TLY

IF (THT.NE,ZRO) GO TO 20
TH=TAW
G0 TO 21

THDI(ARC'RAJ-ONEI‘ITHT-TH"IIlAﬂC-ONEl

IF (TWDJLT.ZRO) TWD=ZRO

TWaTWD+ TWAT
WHUsYISCO*TWeDSQRT (TW} /7 (TW+V1ISM)
IF {VISM.LE,ONE} WMUsYISCETWseVISM
DLaTW/TE

DMsALPHA® (TAW=TW) /TE
ON=ONE=DL=DM

DAZALF*{TAW=TW)

DB=DA+TW~TE

IF. (DB} 22423424

DGePSAAT (=OBETE)

DH=DSGRT (~DBeTW}

DI=(TWO® (DG+TE=TW) =DA}/ {TWOSDH+DA}
DJ=DLOG (DI

TPa=D8/DJ/D.}

GO TO 25
TP=(DSQRT{TE}+DSQRT{TW)} } ##2/FQUR
GO0 TO 25

DC=DSQRT (DASDA+FOUR®TWE0B)
DFsDARSIN ({DBsTW=TE) /DC)
DE=DARSIN(DAZDC)
TP=DB/ {OF +DE) # (DF +DE}

IF (IR) 26+27.28
FRO=TWeEMU/ WML/ TP

GO T0 29

FROSEMU/ MY

G0 Y0 29
FRD=TE®EMU/WMU/DSQRT (TF*TW)

BOw
Bou
Bouy
Bguy
Bou
agu
BOY
Boy
BQuU
auy
a0u
|89u
8qu
8qv
agu
BOU
agu
Bouy

o

agu

BOU
Bou
|y
sou
Bou
aQu
Bou
BoU
BouU
8qu
apu
Bou
BOU
8ou
agu
BOU
BOU
8oy
BOY
BOU
8oy
BOUY
BouY
Bou
aou
|y
[:[o[]
agu
acu
aou
agu
aou
sou

128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
167
148
149
150
151
152
153
154
155
156
157
158
189
160

162
163

165
1656
167
168
169
170
171
172
173
174
i75
176
177
178
179

-180

181
183
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29

ki

31

32
33

3s

35

36

If (IPP.GT,0) GO T 3}

RTHI=] 0=2*REQ*FS{])

RTII=RTHI

ROLI=TEN®*RTHI

IF {IR.EGQ.1) GO TO 32

RTHG=DLOGL0 (RTHI)
CF1aCF1/{RTHG*CF2) / {RTHG~CF 3)

IF {IR.NE.2} GO TOD 33
SCFI=DSQRT(CFI}
TC=TWe17.2D+0%5CF 1 #DA=~305.0+0*CFJ*DB
CHUnVISCHTCHDSORT(TC) F(TCHVISH)

IF (VISMJLE.ONE) CMUsVISCH#TCe#vISM
TPETWRCM. /WMy

FRD2EMU/CMY

GO To 33

RDLG=DLOG10{ROL]) .
CFIx0,0644D+0/(ROLG*4,6221D+0) 7/ {ROLG=],44020+0)
CFaCFI®TE/TP

CFS=CF eSO

RTIG=DLOGLO(RTII)
XCF=,410+0%0SQRT {(RTIG+CF2) # [(RTIG=CF3) /CF1)
CI=TWOCAPI® (F5]1+1,SDe0*CAPE)
C2=0ONE+CAPT

C1=C2~C3/ACF
FXCF=X(F+BL0G (CL/RTIT =FCC=-TWO*CAR]
FPCP= {(XCF=FSI=THR*CAPI) /XCF/Cl=TW0
CAPI=CAPI=FXCF/FPCP

IF (DABS(FXCF),67.1.D0=8) GO TO 34
DOTI=XCF/C]

XNsHALF® (DOTI+DSQRT {DOTI#*# (DOTI«SIX)} +ONE) =THR)
HISONE+TWO/XN

SUMA=ZRO

SyYMB=ZRO

SUMC=ZRO

SUMDsZRO

DO 35 L=lelb

UN=Z (1) #®XN

TRsDL+Z{L)4{DM+Z{L)*DN)
ADDaD (L} #XN*UN/TR

BOD=ARO®Z (L}

CODaADO®UN

00D=BDO*UN

SUMARSUMA+ADD

SUMB=SUMB+BDD

SUMCsSUMC+CDD

SUMD=SUMD +D0OD

DOT=ONE/ (SUMA=SUMB)

DSODEONE=SUMA

DSMaHALF =SUMC

THMaSUMC~SUND

HU=D50D*DOT

IF (IPP.GT.0) GO TO 36

HaHU

DOTR=DOT

FMYR (He THO=GO#BET) *OMDA {J) #STR/WMNLJY ¢ TO#DRX {J} / (RW (J) +HW)
IF LJsEQel}) THaLFS/FMY

aou
aguy
8oy
aou
Boy
BQU
Bou
RQU
BOU
8ou
BOU
BOU
BoU
BOU
BOU
[:1+1]
BoU
BOU
BOU
BOU
BOU
BOU
BOU
Bou
BOU
BOU
Bau
BOU
89u
BOU
Bou
BOU
BQU
BOU
8ou
BOU
8ou
80u
80y
8oU
a0y
agu
agu
aou
By
agy
agu
8Qu
aqu
8Qu
80U
B8ouU
BOU
8ou
eau
BQu

184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
z2le
213
2lé
215
2le
217
218
219
220
221
222
223
224
225

227
228
229
230
231
232
233
234
235
236
237
238
239
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ar

38
39

40

41

42

43

L1

IF {K.EQ.2) TH:(THAOSHD'IOTHAOCFS))I(DNE‘SHD'FMY)
IF {K+EQa3} THE{THACSMASDTHASSMBEDTHBSMCHLFS) / {ONE « SHCHFMY)

BOU
gy

IF (KeGTe3} THE{THA+SMA®DTHA + SMBEDTHB+SMC*DTHC+SMD®CFS) / (QNE»SHD#FBOY

1MY)

DELST=M*TH

ASECEDELST+DSQRT (IR*DELST#424+ (FS(J) $SCWSRGY) #42}
OOR=ID*DOTR*#TH/ASEC

DSROD=0SOD=DOR*DSH

1PPxE]

DOTR=ONE/ (ONE/DOT=THH*DOR}

HR=DSROU*DOTR

1f (DABS{H=HR} LT+5.,0=T} GO TO 37

H=HR

GO TG 3%

DELTA=DQTR#TH

THYsDELTAZ00T

DSU=DELTA®#DSOD

RDEL=REQ*DELTA

RYJI=ROEL/00TL

RDLX=FRO*RDEL

RTHX=ROLX/00T

IF (RTHAWLT100.0¢0) GO TO 38 -

IF (IR.EQ.1} GO TO 29

IF (OAQS LONE~RTHX/RTHL1 4LT21.D0=6) GQ TO 41
RTHI=RTHX

G0 TO 30

WRITE (6488} RTHX+REQO+FRO+TH+DELTA+DOT
RETURN

IF (DABS (ONE«ROLX/ROLIY «k.Tol4D=6) GO T0O &0
ROL1=ROLX

G0 70 32

RTHG=HALF* (HSQRT ( (CFR2+CFI) sngeFOURSCFL/CF 1) =CF2eCF )
RTHX=TEN®#RTHG

IF (Je6Tel) GO TQ 42

DTH=ZRO

HAIR=RHOE*VE&CF*CHAIR

TAIR=HAIR

IF (TWAT.EQ.TWT.OR.QFUNLEQ.ZRO) GO TO 46
THG= {HAIR®TAWSQFUN® (TWAT=15,0+0) } / (HATR+QFUN)
CALL MEAT

IF (1PQ+6T,100) GO TO 65

IF (DABS{TW=TWQ} :LT.l. D=2 « AND « DABS (QFUN=GQFUNW) +LT+1,0=5) GO TO 46
TursTiATolTua-TuATl'lARc-ONEJIlARCORlJ-ONEl
QFUN=QFUNW

. GO TO 20

DTH#CFS=THeFMY

IF (DTH«LT.2RD) DTH=ZRO

IF {(J<EQ.XOR) GO TO 46

IF {K=3) 43.&5.5&
UTHBDTH

GO TO 47
THA=THASQMASDTHA « GMB*DTHB +QMC*OTHC + GMD*DTH
DTHA=DTHB

DTHB=DTHC

1f (K«5T745) GO TQ &
SCU:DSQR?(ONEoDRl(J-Z)GOZI

BOU.
Bou
BOU
80y
B8ou
a0
a0y
Bov
BOU
BQuU
agu
[ [e2V]
BOU
agy
[:[o2V]
By
aou

80U .

8oy
Boy
agu
8ou
8ou
80U
8ou
B8ou
BOU
BOU
BQU
BOU
agu
BOU
B8ouU
Bou
B8ou
8ou
Bou
aqu
BOU
BoU
BQU
a0y
BOU
8ou
80y
-1 ]1]
QY
BOU
soy
Bov
aogu
agu
BoU
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45

46

47

48

43

L-1]

51
s2

53

DELA=HA*THA .
IF ({IE«EQ,1) 0R(IDLEQ0}} YSEC=FS{J=2)*SCU
IF (JEwEQ40 ANDJHWGTLZRN) YSEC=SCUS IFS(J=2) +HW) #TRP]
IF (HWeGT+ZR0O) YOMAZFS(J=2) /HW
ASCAZDELA*DSORT (ID#DELA*®24YSECHS2)

RMW { =2} =ASCA/SCY

OLA{J=2) 25CU* (ASCA=YSEC) ¥ {ONE + YOHA)
RCOLI=21=FS J2 1+ DLALI=2)

DTHC=DTH

GO TD 47

THA=TH

OTHA=DTH

IF (CLVeGTol) o AND{IVLTIMW) ) GO TO &7

IF (JeEU+14AND(LD+GE0} WRITE (Ge+82)

COS (J)=ASEC=SCWoFS{J) #ROY
DLAtY}=5CWCDS (J) # (ONE #YOH)
RECOLND=FSIIYDLALD

RW {J) =ASEC/SCW

IF {IV.LTeIW) GD TO 48

BYA{J) ==DMDX () #DSU/WMN{J} /TTR () /SCW/CF ]
IF (JeEQelsORW U4 GT KD, ORINTLEQ,0) GO TO 48
IF (MOD{JsINTIWNEL1) GO TO 48

TJd=y

HAIR=RHOE*VE*CF#CHAIR

CAtL HEAT

IF (LDWT.0) 6O TO 56

IF ((IVeGT, 1) AND,LIV,LT.IM}} GO TD 56
CFIX=2000.0e04CF1

CFK=2000,D+0%CF

CFSK=2000.D402CFS

DYHK=1000+0enenTH
CTH=TWO*TH/ {ONE +DSORT (UNE-=TWOeTH® ID/ASEC) )
CH=CDS (J) /CTH

1EQ=REQ*HALF

ITHAZRTHASHALF

Bou
aou
aou
Bouy
agu
Bov
BOU
BOL
BOU
80U

BOU

8Qu
BOU
agu

80U

agy
Bou
aou
BOU
BoOL
BQu
BOY
8ou
aou
soy
BOUY
BOU
agu
Bou
BOY
aau
8oL
8oL
80U
Bou

HRITE (6s83) JyTWeTE+TAWs TPy IEQs ITHX+FRD+CF IR« CFERCFSKaHHI +FMY (ODTBOY

1HK s THeDELTACDELST

IF (JLTKBL=~3) GO TO 54
IF {J=KBL*2) 49,50.5]
CTHA=CTH

XNAZXN

DETASDELTA

REOQA=RED

GO TO 5%

CTHB=CTH

XNB=XN

DL.TB=DELTA

REOB=RED

GO TO 5%

IF (J=K#L} 52,51,54
CTHC=CTH

XNC=XN

DLTC=DELTA

REOC=REQ

GO TO 5%

IF (IT.GT+0) GO TO S5

8ou
aou
BOU
BOY
BOU
BOU
Bsov
BQU
BQU
80U
agu
agu
8gu
Bou
BoU
agu
BOU
agu
Bou
Bou

z296
297
298
299
300
a0l
302
303
304
305
306

307.

3108
309
310
3l
312
313
314
315
316
3
318
319
32¢
Azl
3z2
323
324
3z5

326

327
328
329
330
331
332
333
334
335
33e
37
33s
339
340

-341

342
343
34é
345
346
347
348
349
359
351
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S4
S5
56

57

58

59

60

-2

DLSTaGMA®CDS (J=3) +GMR#COS (J=2) +GMCOCDS (J=1) +GMD*CDS(J) AgU
THBL=GMA®CTHA+GMB#*CTHE+GMC*CTHC »GMD#C TH Boy
HBL=DLST/THBL BOY
OLTBL=GMAYDLTA+GMB®*OL TB+GMC*DLTC+GMDO#DELTA BOU
REQBL=GMA®REQA +GMB*REOB+GMC#REOC +GMD*RED BOU
REOFT=TLV*REOBL Bou
RETH=THBL®*REOBL BOU
REDL=DLTBL#REOBL Bou
RETHG=DLOGLO{RETH) |gu
REDLG=DLOGLIO(REDL) 8oy
XNBL=GMA®XNA+GMB*XNR+GMC*XNC+GMD#*XN sou
G0 10 55 #ou
IF ((JeGBTe3) ANDL (MOD(Js10) oNESD)) GO TO S& [:]]1]
WRITE (6486) S(J}DSUTHUSCTHIHUsHeCHe XN ROV
CONTINUE ) Bau
RW(1)=RCOL1) agu
CALL SCOND (SeDLA+DAXKATH Pty
DO 57 JxL+KAT BOU
DRX{J} =WALTAN(J) +0AK (D) BOU
IF [((1TeGT.0)40R, (LD.LT.0}) GO TO 58 BOV
IF [(IVeGT4l) eAND.{IV.LT+1W}} GO TO 58 BOU
IF (KBL+LE.KAT) WRITE (6485} XBLeOLST»THBL +HBL + XNBL »DLTBL +REOF T4 REBOU
1TH+RETHG+REDL +REDLG Bou
IF (KBL+LE.xAT) GO TO 58 :[g1])
HEL=CDS(KAT) 7/CTH agu
REOFT=TLY*RED 8oy
RETH=CTHe®RED BoU
REDL=DELTA#REQ 80U
RETHG=DLOG) O (RETH} BOU
REDLG=DLOG1 ¢ (REDL) BOU
IF (XBL+GT.KAT) WRITE (65¢B5) S{KAT})COS(KAT) +CTH+HBL4XN+DELTAREQOFBOU
1TsRETHsRETHG «REDL +REDLG aguy
CONTINUE BouY
DO2=BMA*DLA ()} +BMB*DLA {2} +BMC*DLA{3) BOU
DR2=5D{1)+DD2 BOV
OXAS=DAX (1} 7DR2 agu
XST=5(1}=DXS 8oy
YST=RCO(1)=HALF#DAX {1} *#2/DR2 80U
SCW2DSORT {ONE+DAX (1) #e2) Bou
DR2=DR2/5CwWeal BOU
RCV=ONE/DR2/YST BOU
IF {1T«6T.0) XBIN=SBIN=XST BOU
IF {IT.6T+0) XCIN=SCIN=XST BOU
WRITE (6+78) ITLE+XBINsXCINSF sov
PPO=ZRC 80U
WRITE {6467} RCIETAD»AMACHBMACH CMACHSEMACH s MC 4 AH ROU
IF (TWT.NE,ZRO) GO TO 59 sou
WRITE (64811 PPSsTO Bou
G0 TO 5 BOU
WRITE (6+79) PPS:TO+TWT+TWATTAIR Bov
G TO S agu
IF {IT.EQ.0) GO TO 63 Boy
DD 61 Kx=lsKAT 80U
S(K)}=SREF (K) =XST BOU
SCV (K) =DSORT {ONE+DRX (K} ##2} BOU
SCV (1) =0NE BOU

sz
353

355

356

357
358
359
60
61
362
363
364
365
366
367
368
369
370
3Tl
re
373
374
315
376
arT
3te
3te
380
k1)
3az
383
384
385
386
387
388
38sg
390
39l
92
393
394
395
96
39T
398
399
00
401
402
403
404
405
406
407
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62

&3

64

65

&6
67

69
T0
71
T2

SL1)=ZRO agu

IMx (KAT=1)/2 aov
DO 62 I=1+IM BQU
JuZ2s]l Bagu
SS8S(J)~5(J=1) Bou
IF (T4EQe1) SSaS(2) aou
TTsS(Jel)=S(J) BOU
ST=SS+TT Bou
S1={TwO~TT/55145T/51IX Bou
SI={TWO=5S/TT)I#ST/SIX BOU
52u5T=51=53 . sou
SA={TWO+TT/ST) #SS/SIX agu
SBx(TWO+ST/TT) #5S/SIX aouy
SC=55-54=-58 aou
SLIJI2SL(J=L) +SARSCV (J=1) +SBASCV{J) o SCOSCV(Jel) BOu
SLIJeL)25L (=1} +5195CY (J=1) +S2#5CV (J) +SIRSCV{J+]) Rou
XST=ZRO 8ou
WRITE (6+68) LSsDK 80y
WRITE (6469} (XsS(K}+SLIK)¢DLA(K) +RCOCK) » WALTANIK) »SK (K) ¢ DAX CK)} 4 DRAOY
1XAK) o WMN{K) 4 DMDX (K) 4 SPR{K) sBTA{K) +K=14KAT) |agu
IF (KBL.ST.KAT) GO TO &% BoY
CALL TWIXT (SL+GMA+GMByGMCaGMDsSBLKATsKBL) B8ou
XBL=GHASS (KBL=3) +GHB#S (KBL=2) «GMC*S [KBL=1} +GMD*S [KBI) BOU

DLAB=GMA¥DLA (KAL=3) +GHBODLA (KBL=2} ¢GMC*DL A (Kidl.=1) #GMD®DLA {KBL } BOU
RCOB=GMA%RLO (KBL=3} +GMB*RCO (KBL=2} +GMC#RCO (KBL=1) +GMO®PRCQ (KB} Bou

WRITE (6+89) XBL+SBL+DLAByRCOB»GMA»GMB ¢ GMC ¢ GML BOU
G0 TO 64 BOU
WRITE {(6468) LY,DD BouU
WRITE {6469) (K4S{KI+FS{K}+OLAIK]I sRCOIK) o WALTAN(I) +SD (K} +DAX {K) » DRBOU
L1X (KD o WMN (K} sDMDX (K) 2 SPRIK} ¢+BTAIK) sK=1 s KAT) aou
IF {KBL+GT.KAT) GO TO 64 8ou
CALL TWIRT (S+GMAsGMB+GMC+GMD s XBLYKAT +KBL) BOU
DLAB=GMASDLA (KBL=3) +GMB*0LA(KBL=2) +GMCoOL A {KHL =1} *GMD*DLA (KBL) B8Oy
RCOB=GMA*RCO (KBL=3) +GMB*RCO(KBL=2) +GMC*RCO (KBL=1) +GMO*RCO (KBL ) BQU
YBL=RCOB=DLAB BOU
WRITE (5+84) XBL+YBL+DLABeRCOBsGMA»GHB s GMC +GHD BOU
WRITE (6s87) XSTeYSTH0D2sDR24RCY BOY
S(11=XST Bou
RCO(1)=YST BOW
DRX (1) *ZR0 Bou
IF {SEL.EG,1.0+3) RETURN Bou
IF (LV.GT«0) GO TO 3 aou
CONTINUE Bou
IF (JoEGs1) WRITE {(65490) IPQeQFUNWsTWT BoL
RETURN Bou
BOU

FORMAT {8E10,04415) BOU

FORMAT {1H &H RUZsF11e643X4GHETADSFB, hobH DEG 3Ky SHAMACHZF | 1, 7 5 IXBOU
1o GHOMACHEF 10¢ 7 e 3X 4 SHCMACHEF 1 00T s 3K 9 6HEMACHSF 10 o T 3% s A4 s ZHH=F 11, T/) BOU

FORMAT (1H +TXsGHSTALIN}  oA&»40M{IN) DELR (TN} R{INY Dyaou
1/70% vAB+S0H DasDX OR/DX MACH NO. OM/DX PE/PQ.T7BOU
2X»AHAETA /) sou

FORMAT (10{1440P2F114692F11aTvaF10,TsF1]1.7sF10,TelP2ELZ,4/)) BOU

FORMAT (1H+ 5%+ 34HQUADRATIC TEMPERATURE DISTRIBUTION) aou

FORMAT (1H+yS5X+34HPARABOLIC TEMPERATURE DISTRIBUTION) agy

FORMAT (1He,44Xs34HSPALDING=CH] REFERENCE TEMPERATURE) Bou

408
409
410
411
412
413
414
415
“l6
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435

436

437
438
439
“hQ
45]
Ah2
443
444
445
440
ahT
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
453
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73
T4
1]

77
78

79

-1

51
a2

a3
84

a5

36

a8t
88
a9

M0

FORMAT [1H+483Xs36HVAN DRIEST REFERENCE REYNOLDS NUMBER /) agy
FORMAT {1M+83%,ISHCOLES LAY REFERENCE REYNOLOS MUMBER /) 80V
FORMAT {1H¢3464X+34HMODIF. SPALUING=CHI REFERENCE TEMP) Bgu
FORMAT {1H+4B3X440HREFERENCE REYNOLDS NUMBER GASED ON BELTA /) BQu
FORMAT (lre,44X,29HMODIFIED COLES TRANSFORMATION /) ag
FORMAT (1M1 +3A4,39HNOZZLE CONTOURe RADIAL FLOW ENDS AT STAF12.7.280U
15He TEST CONE BEGINS AT STAsFl 47s16He SCALE FACTOR =¢F13.8/) agu
FORMAT {1H 41X¢1SHSTAG, PRESSURE=FS.04+24H PSI+ STAG, TEMPERATURE=.B0U

1FS.0+21H DEG Re THROAT TEMP.3F5.0+19H DEG Rs WALL TEMP.=F4,0.24H DBOU-

2EG Re THROAT HY COEF ,=FB8.5//) agy
FORMAT {1H]+3A&+49HBOUNDARY LAYER CALCULATIONSs STAGNATION PRESSHRBOU
1E=FS,0+28HPSIy STAGNATION TEMPERATURE=+F5.0427H QEG R+ N BASED ON BOU

2REDELTA //) BoU
FORMAT (lH +5Xs]15HSTAG, PRESSURE2FS,04+24H PS] STAG, TEMPERATURE=.80U
1FS.0+¢344 DEG R ADIABATIC wALL TEMPERATURE//} BouU
FORMAT  {1H »5X+3BHTW TE TAN L (] REZIN  RTHIs 80U
14Xy IHFRU X+ 4HKCF Y 14X s IHKCF s SX+AHNGF S o5 X ¢ LIHHs X 4 2HHT 15X+ 3GHFHY 80U
2 KYHP  THETA~1 DELTA DELTA%~] /) 80v
FORMAT (18 +T1302F6esFTolaFb,sleld0lTedFa8.54F8+44FT,4+2FB,5F3,6 + BOU
IF7a#eF 9,0 ) s0U
FORMAT (1H »3MSTAZ2F114692F 11474 TX«2THINTERPOLATION COEFFICIENTSy #B0U
1 Fl2.8+1HysF11.841HesFll.Bs1H94F12,87) agu

FORMAT {1HO+5H XTgFTedellHy DELTA®TF10.7+104 THETA2,F9.7+ 660U
1H. HE 3 F10.646H, NxyFlQaTe10H, DELTA=«F1laTs1l0Hy RE/FT=sF1180U
20/ /30K P IHRE s THETAZ4F 900w 8H, LOGT¢FBaSv1Hs 216X +9HREIDELTAxF1],080U
3,8Hy LOG=+F8,5) : 8oy

FORMAT (1M 23Xs2HAT4FT+348H, DSUZFB,598He THUZF9,748H,. CTHBOU
174F 9T THy HU=oFl0.He0He HESF 10,69 THy CH34F10.556H, Nz+F8.80U

25) Bou
FORMAT (1M ,3HSTA+F1],64¢9Hy YexoF1luTeléHy D2A/0X224F12.9+B0U
114H, D2R/DX2=+F12.9416Hy VISCID RC2+Fl4,8 ) 80U
FORMAT {1H 4 'RTHXZY 4 IPEL2+54 %y REOZV4E12:5¢ %y FRO®Y(OPFB,50¢, TH='B0U
LeFB3450%s DELTAZ P 4F 8,547y DOTx14F9,5 ) 8oy
FORMAT (1M s3HSTA+2F11e6+2F 11T TX+2THINTERPOLATION COEFFICIENTS, +BOU
1F1248¢lHssF11eB80lHroFlleBsldeF12.8 /3 8ou
FORMAT (lHO.* ITERATIONYsId4et, GFUN =143F8,5:1, THROAT TEMP =8B0U
174FGel 7 ) BOY
END Bou
SUBROUTINE CONIC (XMsB} CON
TO ORTAIN MACH NUMBER DERIVATIVES IN RADIAL FLOW CoN
IMPLICIT REAL®*8(A=Hs0-Z7} CON
COMMON /GG/ GAMsGM4GleB215I1G4+065+GEGT+GB9GI1GAIRGASIGT CON
DATA ONE 1,D¢0/9TW0/2,D40/9THR/ 34040/ +FOUR/ 4,040/ CON
DIMENSION B(4&) CON
XMMXM# XY conN
XMM] xXMM=0NE CON
XMM2=XMM] a2 CcoN
BMMaONE +GE# X MM CON
AREAZ {G6+G58XMM) #8564/ XM CON
B(1)=AREA#sQT CON
B2y =XMSHMM/QT/XMMY /B {1} CON
C2aTw0= {ONE+THR®G8) /0T CON
C42GB/QT=0ONE CON
CMMaXMM#* (C2e XMMeC4) =ONE=ONE/QT CON
B{3) =B ({2)*CMM/XMM2/B (1) CON

DMM=z {FOUR®C4 XXMM+ THO#C2) /CHM=F OUR/ XMM] CON

464
465
466
467
468
469
470
471
472
473
T4
475
476
477
478
479
“80
481
“B2
483
484
485
486
487
488
489
490
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Bi4)=B(3}#(BL3)/B(2) +XM*B (2} *DNM=0NE/B (1)}

RETURN

END

FUNCTION CUBIC (EA+EB+ECED)

IMPLICIT REAL®B(AwHjy(nZ)

TO OBTAIN POSITIVE REAL ROOT OF CUBIC EQUATION
DATA ZRO/0,0D#0/sONE/} o040/ TWO/24D40/ s THR/ 3,000/
E3=EB/THR

QlEEA®EC/THR=EIn#2

R1ZEA® (EI*EC-EA®ED) /TWO~EIe3

QREQl#43,Q10e2

RGSOSQRT (DABS [OR) )

Q=DSQRT (DABS(Q1))

B=DSIGN{ONERL)

CBBx«ONE

CBC==0ONE

CBT1=ZRO

CBT2=ZRO

A=ZRO

IF (QR.GT«ZRO} GO TO }

IF (QRWNE+ZRO} A=DARSIN{(~RQ/Ql/Q)/THR

CSA=DCOS (A)

CSNABDSART (THR) *DSIN(A) '
CBA= (TWO*B#Q#CSA=E3) /EA

CBB==(B*Q* [CSA+CSNA) +EI) /EA

CBCan {BRQ* {CSA~CSNA) +E3) /EA

60 10 2

IF (R1+RO.NE.ZRO} CBT1=DSIGN(DEXP(DLOG(DABS (RI+RQ)}/THRI yR1+RG)
IF {R1=RQWNE,ZRO) CBT2%DSIGN(DEXP (DLOG (DABS (R1=RQ) } /THR} ¢R1=RQ}
CBA=(CBT1+CBT2=E3) /EA

TA=DSIGN{ONECBA)

18=DSIGN (ONE+CBB)

IC=DSIGN (ONE+CBC)

IF (TA+IB+ECel) 118347

IF (IA+EQ.1} GO TO S

IF (184EQe1) GO TO 6

CUBIC=CBC

RETURN

CUBIC=CBA

RETURN

cupics=CBe

RETURN

IF {TA+24[B+381C=2) 849410

IF (CBAWGT.CBB) GO TO &

G0 TO 5

IF (CBA+GT.CBC) GO TO 4

GO TO S

IF (CBB.GT.CAC) G0 TO &

GO TO &

AA=A®9,D+1/DARSIN{ONE) .
WRITE {6412) EA+EB+ECIED+QGLl+R1+ORsRO+GrAA+CBAYCBBsCBC
CUBIC==0NE

RETURN

FORMAT {(LHOsIHEASE}44T¢SH EBSEl4,795H EC3E14.7+5H EDRE]4,7,

CON
CON
CON
cug
cus
CuB
cuB
cus
[o{1].]
cus
cus
cus
cus
cuB

cyBs.

cune
cus
cuB
cuB
cuB
cuB
cuB
cus
cus
cus
cus
cus
cuB
<us
cus
cus
Cus
cus
cus
CyB
cuB
cuB
cus
cus
cus
cus
CuB

CuB.

cus
cuB
cus
cus
cus
cuB
cus
cuB
cuB
CuB

cus

cys

15H QL=ELl4,795H RI*E14.7+54 QR=E14,7/5H RQZE}44795H - QuEls.T CUB

N
-39

VDU W~
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2%, AAZ JEL14,T¢?9CBARY 4E14aT o2 CBUEY4E14,To*+CBCEI4ELG.T /)

END

FUNCTION FMY {PMA)

TO ORTAIN MACH NUMBER FROM PRANDTL MEYER ANGLE
IMPLICET REAL#8(A=H,O+2)

COMMON 766G/ GAMpGMN4GleG21G3164965+G61G7+58+G9+GA+RGAAT
QNE=Y.D+9

THIRD=ONE/3.D+0

VM= (DARSIN{ONE )} # (PHA/ (G2=0NE) ) #42] #THIRD
ZTONE*oBISD+ 0% { (GT¥ (G2~ONE} ) ##2) #¢THIRD*DTAN (VM)
oo 1 1=1s100

7ZBET#DSQRT {Z#Z=-0NE)
ANG=GZ*DATAN (ZBET/62) =DATAN(ZBET)

REM= (ANG=PHA) #7# (247+69) /69/2BET

1F (DABS(REM} o1, T21.0=10} GO TO 2

Z*Z=-REM

FMV3Z=REM

RETURN

END
SUBROUTINE FVDGE {A+Y+DSeDY}

IMPLICIT REAL®B(A+H.0=Z}
DIMENSION X{5)s Y(D)
DATA H/045D+0/ s THO/2.0D+0/

X1=Xt(1l)
X2=x{2}
X3=X (3)
KhwX (4]
xX5=x4 {5}

Ylay(l)
Y=y {2}
Y3xv{3)
YAEY (4)
Y5e¥ {5}

FIND DELTA=Y,
Fle(X3=X1)#(X3=X2}
F1=TWO/Fi

F2u(X4=X3) #{X3eX2}
Fe=-TWO/F2

FA=({X5=X3) ®(X4=X3}
FI=TWO/F3

213X+ X2eR2=Xbo X" X5
Alm(X2eXI=X6=X5) /213
A3= (X1eX2=X3~X4) /213

YP2I={Y¥2=Y1) 7 (X2=X1)
YP328 (¥I~Y2}/IX3=X2)
YP43E(Y4+Y3]}/ (X4=X3)
YPS4R (YE=Y4&) / {X5=X4)

cug
cuB
FHY
FMV
FMy
FHV
Fuv
FMY
FMV
Fuy
Fuy
FMv
FMY
FHv
FMY
FMY
FHY
FMy
FMY

FvD
FvD
FvD
FvD
FvD
FVD
FVD
FYD
Fyo
FvD
FvyD
FvD
FYD
Fv0
FvD
Fvo
FvD
FvD
FvD
FvD
FVD
FvD
FYD
FvD
FvD
FvD
FvD
FvD
Fv0
FvD
FvD
FvD
FvD
FvD
FvD
FvD

L
(500

O~ U & W
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[2XxXa)

X21zH® (X24X1)
K3Z2zHe (XI+X2)
X43=HS (X4+X3)
XS4 xH® (X54X4}

CYPPI=(YP32-YP21}/{X32=x21)
YPP2=(YP43=YP32) / (X43=X32}
YPP3I= (YP54=YP4a3) /(AS4=Ka3}
DExA1®YPPleA3*YPP3=YPPZ
FXaF2=Al®F]l=aA3#F3

DY=DS/FX

RETURN

END

SUBROUTINE HEAT

OUMMY TO BE MODIFIED FOR SPECIAL CALCULATIONS OF HEAT TRANSFER
IMPLICIT REAL®B (A=Hy0=2)

COMMON ZHTTR/ HAIRsTAWs TWQeTHT+ TWAT 4 OFUNS QFUNW IPG T e IV IW
QFUNWEGFUN

RETURN

END

SUBROUTINE NEO

SHOOTH BY LINEAR SECOND DERIVATIVE

IMPLICIT REAL#8({A=Hs0+Z)

COMMON /WORK/ E{a0D) o 200000 e X(400) Y (4002 pYST(4D0) +WTNIZ50) 4 WALL (SNEQ
N

Le200) +WAX(200) +WAY (200) »WAN(200)

FVD
Fyu
FvD
Fv¥D
Fv¥D
FvD
FvD
FvD
FVO
FvD
Fy0
FVD
FvD
FyD
HEA
HEA
HEA
HEA
HEA
HEA
HEA
NEO
NEGQ
NEQ
NEQ
NEO

EQ

COMMON /CONTR/ ITLE (3} s IEvLReIT+UBeJQeJXsKAToKBL oK ING KDL Ve NOCONSNED

LINGMCoMCPIP 4105 ISEeJCyMoMP e MO N4 NPy NR s NUT o 8F
DATA ZERO/0.00+0/+0ONE/LO*0/2TWO/ Do/
DATA JO/&H  UP/yJ1/4HDOWNS

CONY=90.D+0/DARSIN [ONE)
TNIZDTAN(WALL (S5411)

IF {JG.EQ+0.0R.I0LT40) READ (Sel44END=23) NOUP,NPCT.NODO
IF {JG¢EQe040R.IQeLT+0) READ (Ss14+END=13INOUPHNPCT «NODO
IF tJQ.GT.00 G0 TO 2

JN=JO

LIM=NUT

NQTMaNOUP

DO 1 J=isLIM

X{Jei)mAX{d)

Y{Jel)=wAY ()

YST(Jsl)mY{Ja])

KA1 =TWO*X (21 =X (3)

Yii)=v{3)

X{LIM+2) =THOX {LIMe1) =X (LIM)
YLLIM42)2Y(LIMe1) o TNI®{ X (LIM+2} =X {LTMs1}}

G0 10 4

LIM=N+NP=]

NOTM=NQOO

JN=J]

DG 3 J=lsLIM

K{Jel)awALL{1s))

NECQ
NED
NEOQ
NEO
NEO
NEO
NEO
NEOQ
NEOQ
NEQ
NEQ
NEQ
NEO
NEQ
NEG
NEQ
NEOQ
NEO
NEOQ
NEQ
NED
NEQ
NEQ
NED
NEO
NEQ
NEO
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Y+ =WALL (243}

YSTJel)2Y (Jeo])

XL =TWOeX (2)=X(3)

Y{1)mY¥ {2} =TNI®(X(2)=X({1}}
XALIM+2)sTWORX (| IMel} =X ILIM}
Y{LIMe2}=Y (LIM#])

LUS=1+ {LIM=3) /5

IF (NOTM.EQ.0) RETURN
YSTIDI =Y (L)
YSTILIM+2) Y {LIM+2)
SHP=],.D=28NPCT

WRITE (6416) TTLE+JNsNOTMsSHP

00 8 H=leNOTM
CALL OREZ (E+800)

DO 5 KmisLIM

CALL FVDGE (X(K=2)sY(K=2)+E{K}+Z{K})
CONTINUE

E{1}=2ER0

E{2)=2ERD

E(LIM*1}=ZERD
ELIMS2)=ZERD

SEARCH ARRAY AND FIND MAX ERR
D0 7 LU=lsLUS

EMAX=ZERQ

DO 6 Kz -~sLIM

TEST=DAGS (E(K))

IF (EMAX.GT,.TEST) GO TO 6
J=K

EMAXSTEST

CONTINUE

APPLY CORRECTEION
EtJ}=ZERD

E{J+1)=ZERD

E{Je2)=2ERD

E{J=1)=ZERQ

E{J=2)3ZERD
¥{Ji=Y {J) +SuHPeZ ()
CONTINUE

CONTINUE

ERR=2ERO

00 9 J=lsliM

LeNIa N

EIK)2Y (K} =YST (K}

IF (ERR.LT.OABS(E(K)}) MaX=J

IF (ERR.LT.DABS(E(K))) ERR=DABS(E(K)}
WRITE (6415) JeX(K}oYL{K) 2 YSTIK}+ELK}#dJ
IF (MOD{Js10) .EQ.0) WRITE {6417)

WRITE {64191 ERRIMAX

LHMELIM=1

CALL SCOND (XsY+WTNsLTM+2)
IF (JO.EQ.1) 6O TO 11

00 10 Jx2+LM

NEQ
NECQ
NEO
NEO
NEO
NEQ
NEQ
NEC
NEQ
NEU
NEOQ
NEO
NEO
NEO
NEO
NEO
NEOQ
NEO
NEOD
NEO
NEO
NEO
NEC
NEQ
NEQ
NEO
NEOQ
NEO
NEOQ
NEQ
NEO
NEOQ
NEQ
NEOQ
NEQ
NEQ
NEQ
NEOQ
NEOQ
NEO
NEOQ
NEO
NEOQ
NEOQ
NEO
NEOQ
NEOQ
NEQ
NEO
NEOQ
NEO
NEQ
NEOQ
NEOQ
NEO
NEQ
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WAY () =Y {Jel)
WAN{J) SCONYPDATANINTN{J+1})}
RETURN

DO 12 JSEZsiM

WALL{Z+J)2Y (Je1)

WALL (S+J)=DATAN(WTN{J+1)}
RETURN

WRITE (6418}
sToP

FORMAT (1615)

FORMAT (1H #20X+15+2%40PAF13.7+]8 )

NEO
NEOQ
NEO
NEO
NEO
NECQ
NEO
NEQ
NEO
NEO
NEQ
NEQ
NEOQ
NEQ

FORMAT {1H193A4s2XeARs24HSTREAM CONTOURes SHOOTHED#IS+19H TIMES WITNEO

IH FACTORssF4,2

27/734Xs LHX#1 1Ko 6HY=CALC+ TX24HY=IN+ 10X+ 4HDIFF /)

FORMAT (iH )

FORMAT (1HOs10Xs34HCARD NOT AVAILABLE FOR NEGATIVE NF )

NEO
NEO
NEO
NEQ

FORMAT {iHO#26Xs21HMAX, ABSQLUTE ERROR =iPG15.6+10H AT POINT:ISINEDQ

END
SUBROUTINE OFELD (A+8+CeNOCON)

TC OBTAIN POINTS IN CHARACTERISTIC NETWORK

IMPLICIT REAL®B (AwHy(Q=Z)
COMMGN /CONTR/ ITLE{3)+IE

DATA 2ZRO/0,00+0/+ONE/14D00/9TWO/240+0/ ¢ HALF/54D=1/

DIMENSION A(S)y 8(5)s C(S)
Al=DARSIN{ONE/A{3))
A2=DARSIN(ONE/B{3))
TisA(5)

12=815)

IF (IEJEQ40) GO TO 8

IF 1A(2) .EQ.ZRO} GO TO
FSYI=DSIN(ALS)) /A (2) FAL3)
GO TQ &

T1=ZRO

FSYl=A(5}

IF (B8(2)+EQ.ZRO) 80 TO 7
FSy2=0SIN{B(5)) /B(2} /B (3}
GO TO 8

T2=ZRO

FSY2=8(5)

TNI=DTAN{T1=Al)}

IF (B(3)«NE,ONE) TN2=DTAN(T2+A2)
Izl
HOPSI=HALF#* (A {4)=B(4))
HT3aHALF#*{T1+T2} +HDPS]
T3aHTI=HALF#IE*HDPS]
HPSIZaHALFS (A {4) +B[4) +T]1=T2)
PSII=HPSI3+HALFSIE® (T1=T2)
C(3)=FMVIPSII)

TOLO=T3

I=Je]

FM3=C{3)
A=DARSINIONE/G ()
TNA=HALF# {TN1+DTAN(T3=A3))

NEOQ
OFE
OFE
OFE
OFE
OFE
OFE
QFE
OFE
OfE
OfE
OFE
OFE
OFE
OFE
OFE
OFE
OFE
OFE
OFE
OFE
OFE
OFE

OFE,

QFE
OFE
OFE
OFE
OFE
OFE
OoFE
OFE
OFE
QFE

. QFE

OFE
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IF (B(3) «NELONE) TNB=HALF#(DTANITI*A3) +TNZ) OFE
IF (B(3).EQ,ONE} TNAZTWOSDTAN{T3+A3) oFE
DTNaTHE=TNA OFE
X3x{R(1I*TNB=A{1)*TNA+A (2)~B {2} } /DTN OFE
Y32 (A (2) 4TNB=B (2} STNA+ (8111 ~A{1) } *TNA*TNR) /DTN OFE
IF {IE+EQe0.0R.DABS(Y3).LT,1.D=3) GO TO 4 OFE
FSY32DSINIT3) /Y3/FHI OFE
PLsHALF® (FSY1+FSY3)#{X3=A (1} ) SOSART (ONE+TNA®#2Z) OFE
P2EHALF® (FSY2+F5Y3) % (X3=B (1)) *DSORT (ONE+TNB® 2} OFE
TIRHT3+HALF® (P1#P2) OFE
PS13aHPSII+HALF# {P1+P2) OFE
€13y =FMV (PSTD) OFE
IF (DABS(T3-TOLD) .6T,1.0-93 60 10 2 OFE
IF {DABSIC13)=FM3) .LT.14D=91 GO 70 & OFE
IF {1.,EQ.40) GO TO 3 OFE
TEMP=T3 OFE
T3 (T3+TOLD) *HALF OFE
TOLD=TEMP OFE
G0 TO 1 OFE
NOCON=L OFE
Cl1y=x3 OFE
Ci2)=v3 OFE
€tay2P313 OFE
C(5)=T3 OFE
RETURN OFE
END OFE
SUBROUTINE OREZ (AsNA) ORE
IMPLICIT REAL®S(A=Hs0=Z} ORE
DIMENSTION A(1) ORE
00 1 K®lsNA ORE
A{K)=0,0u+0 ORE
RETUAN QRE
END ] ORE
SUBROUTINE PERFC PER

PER
T0 GBTAIN THE INVISCID CONTOUR OF THE NOZZLE PER

PER
IMPLICIT REAL®8 (A=Hy0=2} PER
COMMON #GG7 GAM3yGMyGl+G2+463 164155466 46T +GB16F+GAvRGAIQT PER

COMMON ZCLINE/ AXIS(S¢150) o TAXI(59150) +WIP+Xl+FRIP+ZONK+SEDCSE PER
COMMON /COORO/ S{20014F5(200} +WALTAN 200} »SO(200) +WNNI200) + TTR(200PER
13 +DMDX(200) ySPR{200) +OPX{200) +SECO (2003 + XBINsXCINyGMA#GMB+GMC4+BMD PER
COMMON /WORK/ A(S+150) ¢B{5¢150) «FINAL {54150} sWALL {5,200) +WAX (200) +PER
IWAY(200) s WAN (200} PER
COMMON /PROP/ AR+ZOsRO#VISCoVISMySFOAXBL +CONV PER
COMMON /PARAM/ ETADsRCsAMACH BMACH s CMACHEMACH s GMACH 1 FRC ¢ SF s WWQ e WWPER
1OP s QM e NE+CBET ¢ XE+ETA+EPSI+BPSIs X0+ YO+RRC1SD01 KBy XCoaAHsPP o SE TYE+ XAPER

COMMON /TROAT/ FUI6451) PER
COMMON 7CONTR/ ITLE(3)+1EsLRs IToJBs Qv JIX+KAToKBL 9KINGsKOsLV+NOLONPER
LENAMCoMEP e EP 4 1Q 0 ISE«JCeMeMP s MQAeNoNP o NF o NUT PER
DIMENSTON CHAR({64150)s SUL150) e WOX(200)s WTAN(200) s SCOF(200)» YIPER
10100} PER
DATA ZRO/0,0040/90NEZL ¢D+0/9THO/2e040/e5IX76,04879HALF/5.0=1/7 PER
DATA IFR/Z4HFIRS/+ INL/AHWALL/ sLST/&HLAST /¢ IBL/4H FaTHRZ3.De0/ PER
CALL OREZ (A,6%750+250) PER

CPSI=G24DATAN{G4*CBET=DATAN(CBET) PER

£€9-84-4L-00d3V



£6

[aXsl

ONe W

o0 W

DO~

IF (JQeGT40) GO TO 6
IF (LR«EGsd) GO TO &

THROAT CHARACTERISTIC VALUES
SUMAX=Z {SE/SEQ) ## ([E+1)
IF (QM.EQ.ONE) SUMAX=ONE
LO=ZONK® {LR«]) ¢}
MLeN+LQ=1

00 3 JxlelQ

IF (GMaNZONEY,.GO TO 1
FC{1eJ)2FC(1e ) #SESXO
FC{2sJI=FC(24.) #SE
FINAL(LoJ}aFCile)
FINAL {2+ J)=FC{240)
FINAL(3sJI2FC (30 d)
FINAL {4+ J)2FC (4o}
FINALLSYJITFCiS,d)

1F (MGeLTe0} GO TO 3

IF (JeGTel} GO TO 2
WRITE (6993) ITLE

WRITE 164993 IBL
XMUSCONVEDARS IN{ONE/F INAL (344))
PSI=CONVF INAL {4+J)
ANZCONVSF [NAL (54 .0)
XINCH=SF*F TNAL {14+ J) +FRIP
YINCH=SFAF INAL (24J)

WRITE (651031 Jp (FINAL (K} o K=l 93} o XMULPST o ANy XINCH YINCH

IF (MOD(Je10) +EG.01 WRITE (65498)
SULJyaFC(640) /SUMAK
IF (ISE.EQ.0) GO TO 8

INITIAL CHARACTERISTIC VALUES IF NON=RADLAL FLOW

DU S K=leM
A{2eKI = {Kn L) #TYES {H=])
ALl 4K}ZA(24K) #CBET+XE
413K} =CHMACH
AlsyK)=CPST

A1D4K) 22RO

GO TO 10

FINAL CHARACTERISTIC VALUES IF HADIAL FLOW
NL=N+NFP=1

FN=Np=1

DO 7 JUSLaNP

IF (3E«EQ0) F=(aJ=1}/FN

IF (IE+EQel) FETWOeDSIN(HALFRETA®({JJ=1)/FN)/SE
FINAL (22 JJ) =F*TYE

FINAL {1 #JJ) *F INAL (29 JJi *CBET+XC

FINAL (3sJ0J) =sCHACH

FINAL Lo ) xCPS]

FINAL {5¢JJ) 22RO

LUTONIR L 28 (200 3]

INITEAL CHARACTERISTIC VALUES IF RARIAL FLOW
EMSETA/ (M=1)
DO 9 K=leM

PER
PER
PER
PER
PER
PER
PER
fER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
FER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
FER
PER
PER
PER
PER
PER
PER
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76

10
11

12
13
14

15

17
18

19
20

21

Te{K=1)*EM

IF [IP.EQs0) XM=FMV(EPSI+T/QT}

IF (IF«NEQ) XMzFMV{RPSI=T/QT)

R¥ { {(GOsGEOXME2) ¢ 4GA/XM) QT

XBET=0SQRT (XM®*2-0NE)

ALl +K)=R*DCOS{T)

ALZ2+K)ZRPOSINIT)

A{JeK)=XM

Al&sK)ZCZ*DATANIGA*XBET) ~OATAN{XBEY])
A{SexK) 2T

IF {IE.EQel+AND.IPJEQ.G) A(5+1)=TAXI{S+])
IF [(IEEQsl1+ANDLIPNELO) AlS41)=AXIS{Ss1)
00 11 J=+5

WALL (Je 1) ZA(JeM)

LINE=]

IF (MQ.LT401 GO TO 14

IF (ISE.EQ.Ll) GO TO 12

IF (JQ.EQ.D) WRITE (6491} ITLE

IF (JGeEQel) WRITE {6494} ITLE

G0 TO 13

WRITE (6+102) ITLE

WRITE (6+106) LINE

SU{l}=ZR0O

IF {IE.EQ.0} BX=0ONE/SF

NN=]

DO 1% K=ls+M

DO 15 Jzl.5

BlJsKI=A{JsK)

LASTaM=1

GG TO 20

LAST=H

LINE=2

IF (IP.NELO} GO TO 38

00 18 Jzl.5

HiJe 11 2TAXT (JoLINE}

D0 19 J=1+LAST

K=J

CALL OFELD (A(1sK}2BL1+K)+8(1sK+1) +NOCON)
IF (NOCON.NE.D) GO TO 83

CONTINUE

LASTP2LAST+}

IF (LINEWLT,LASTP) LP=LINE

NK=1sLP/52

LA=CONVEDARSTN(ONE/B (3+4NND)

IPANT =D

1CHAR=O

IF {JC.EQ.0} GO TO 2]

KCaIABS(JC)

IF (JCeGT0,ANDJQWNELG) GO TO 21

IF (JC.LT+0.,AND,JG.EQ.0} GO TO 21

ICHAR=]

IF (KC.GTe100,ANDKCL Te101+LINE) IPRNT=1
IF (NN EQe1lsAND MOD (L INE=1+KC) sEQ.0} IPRNT=]
IF (NNeGTe} s ANDL.MOD (NN=1+KC) EQ.0) IPRNT=1
DO 27 J=NN.LASTP

IF (IE.EQ-L& BA=TWO®B (24} F/SER®2

PER

. PER

PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER

108
109
11¢
111
112
113
114
115
116
117
118
119

120°

12}
122
123
124
125
126
127

129
130
131
132
133
134
135
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g6

23

24

25

26
27

AMEB (30}

XMUR=ZDARS IN{ONE /AM}

XMU=CONV#XKUR

PSI=B {44.J) *CONV

AN=B (S J) SLONY

IF (B(2+J) ,EQ.ZRO) AN=ZRO

IF {(IP+EQ.0.0R,LA.GT.45) GO TO 22

S{JI =B (1NN =B LLsJ}

MASS INTEGRATION WITH RESPECT TO X
DSXZONE/DCOS {8 (5eJ}=XMUR)

IF {B{(2+sJ) EQ4ZRO} DSX=XM/DSQRT {XM¥#2-0NE)
60 TO 23

SUJ)2B(29J) ~B (2¢NN}

MASS INT: GRATION WITH RESPECT 7O ¥

IF (IP+EQe0) DSX=ONE/DSIN(XMUR4E (54} )
IF (IP.NE.0} DSXZONE/DSIN(AMUR=B{5+.))
IF (B(2sJ) ,EQ.2RO} DSXEXM

IF (ICHARWEQ.0.0RsJ.NECLINE) GO TO 24
CHAR{1sJ)=B{1sJ)}

CHAR{Z ¢ ) 2B (240}

CHAR{3sJ) =XM

CHAR (4 s J) 2XMU

CHAR (S+) 3PS

CHAR {64} AN

FS{J)ZDSABN/ (GH+GSEXMRS2) #0GA

IF (MQeGE.0,AND.LINE.EGs1) GO TO 25
IF (IPRNT.EQ.0) GO TO 27

IF (J«GT+NN) GO TO 25

IF (IP.EQ.0) WRITE (64104} ITLE

IF (IP.NE.0) WRITE (6+105) ITLE

WRITE (64106) LINE

IF ((NKeGT,}) 4AND, (MOD{JsNK) .EQs0)} 6O TO 26
XINCHBSF®B (]4)) +FRIP

YINCHaSF#8(2,J)

WRITE (60103} JoBils ) B (20J) 9 XMy XMULPST s ANs XINCHs Y INCK
1IF (MOD{J+108NK) JEQ.D} WRITE (6498)
CONT INUE

INTEGRATION AND INTERPOLATION FOF MASS FLOW
SA=ZRO

SB*ZRO

SC=ZRO

SUMSSLI (NN}

KAN® [LASTP=NN) /2

00 28 JxlsKAN

KENNeZ®J

KT=K )

ASES (K=1]=5(K=2)

BS=5{K) =S{K~1)

CS=AS+BS

S1={TWO=BS/AS)*#CS/SIX
S38{TWO=AS/BS) #CS/SIX

S2=(S=§]=5]
ADDRSLOFS (Kn2) +528F5 (K=])} +SIHFS (K}
SUMmADD+SUM

IF (LINEJEQ.1} GO TO 28

PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER

136
137
138
139
140
141
182
143
144
145
146
147
148
149
150
151
152
153
154
158
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
in

173
174
175
176
117
178
iTe
180
181
182
183
184
185
186
187
188
189
190
191
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96

28

29
3o

a

32

33

34
s

36

37

38
39

40
L3

42

43

L2

DEL=0NE=SUM

IF {DEL) 30.29.28

CONTINUE

IF (LINEL.EQ.1) WRITE (6996} SUM
1IF (LINE+EQ.1) GO TO 16
BSESIK+LI=5(K)

KTzK+1

DNsTWO*DEL/BS

SC=ON/ (FSIK} +DSORTIFS (K} *#24 (FSIKT) »FS{K)} ) *ON) )

SBaONE=SC

GO TO 34

SC=0NE

G0 TO 34

S228S#* {TWO+CS/ASY/SIX
S3cAS*{TWO+AS/CSH/SIX

51985~52=53
BODESI*FS (Ke2) +S2%FS (K=1) +S34F5 (K]
IF (BDD+DEL) 31432433

DN=TWO® {ADD+DEL) /AS

SEB=ON/ (FS{K=2} +DSQRTIFS({K=2) #8224 (F5 (Ka]l)=FS{K=2}}#DN))

SA=QNE~SB

GO TO 34
SB=0ONE

GO TO 34
DN=TWO*DEL /8BS

SC=ONE*DUN/ (FSIK) +DSOQRTAFS (X)) %24 {FS (K} =FS IX~1) ) »DNY}

SB*ONE=SC
DO 35 J=1+5

WALL (JyLINE) SB (JsKTwZ) *SA*B (JeKT=1)#5B+B (JeKT) #5C
IF (IPANT.EQ.1) WRITE (6+107) {WALL(JsLINE) »J=aly4)

LAST=KT

IF INSLINE} 42441436
LINE=LINE+]

DO 37 K=],5

00 37 L=1+150
A{KsL) =B (KsL)

1IF (IP.EG.0) GO TO 17

D0 39 J=1s5

BlJs1)=AXIS {JsLINE)

D0 40 JElJLAST

K=

CALL OFELD (B()lsK)rAllsK) sB{]leX+1)NOCON)
IF (NOCON.NE.9) GO TO 83
CONTINUE

GO T0 20

IF (IPNELO) GO TO 42

IF (LR+EQ.0,0RIT.NELO} GO TO 49
IF (LINE4EQ.NL=1} GO TO 48
NNaNN#+1

LINE=LINE+]

DO 43 K=115

00 &3 L=1+150
AlKsL)ZBIK,L)

DO 44 K=1.5

DO 44 L=1,s150

BiKeL)BFINAL (KsL}

PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER

‘PER

PER
PER

PER.

PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
FER
PER
PER
PER
PER
PER
PER
PER
PER

192
143
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
21¢
211
212
213
2is
215
216
217
218
219
220
22}
222
223
224
285
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
266
247
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45

46

47
48

&9

L6

S0

51

52

IF ({LReNE,.0) +AND. (JQ4EQ0)) GO TO 46
DO 45 J=NNJLAST
K=J

CALL OFELD {B{1+K)sAlLsK)+B{1sKe1} +NOCON}:

IF (NOCON.NE.0) S0 TO 83

CONTINUE

GO TO 20

DD 47 JE=NN| AST

K=Jj

CALL QFELD (A(14K) 9B1{1eX}+sB{1lsK¢1) +NOCON)
IF (NQCONJNE.O) GO TD 83

CONTINUE

GO TO 20

IF (IPWNELO) 60 TO 64

INTEGRATION OF SLOPES
IB=]

IF (IABS{JB).GT.1) 1822
LT=0

IF {IT.NE.0) LT=i8
NUT=(LINE=1)/IB+2=LT
WALL{L1+LINE«])xX0D
WALL{S+LINE+]))=ZR0
YI(NUTIZWALL(24])
¥aYL{NUT)
LINS23 [ [LINE~LT)/2}

D0 SO0 Jx2¢| INs2

I=sNUT=J

SSEWALL (leJ)~WALL (14J=l)
TT=WALL (XeJel}=wALL (1eJ)
ST=55+TT
S1xS5*(THO«TY/ST)/SIN
S2=55% (TWOST/TTI/ASEX
53%55-51-52
TI=TT#{TWO+S5/5T)/SIX
T2=TT# {TW0+ST/SS} /51X
Ti=TT=T2=73

YY4SIHOTANIWALL (SeJ=1)1 +S2%DTAN{WALL {S4J) ) ¢SISOTAN(WALL (SeJd+1))

IF (IB.EQel} YI{Iel)my

YIYOTI'DTAN(HALLCS'J-ID}'TE'BTAN(H&LL(S.JJl'T3'DTANGHALL‘5vJol))

IF {IB.EQel) YI(I)=Y

IF (IB.EQe2) YI(IeJrs2)=Y

CONTINUE

IF {LRNE.O0,AND.LINELEU.LIN] GO TO 51
X=WALL (1sLINE=LT) =XO

YICL)=YI(2)nX® (DTAN (WALL (SeLINE=LT) ) +HALF#X*SD0) /THR

DO 52 L.=2eNUT
JUsle I8 (NUT=L )
WAX{L)=WALL{)+g)

WAY (L) IWALL{240)

WHNLL) 2WALL (3 2J)

WAN(L) 2CONVRYALL (SsJ )
WALTAN (L) ZDTAN (WALL (5eJd) }
WAX{1)=X0

WAY (1) =YD

WAN(L)=ZRO

PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
FER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER

248
249
250
251
252
253
254
255
256
a57
258
259
260
261
262
263
264
265
266
267
268
269
2T
271
272
2713
274
2715
276
ar?
278
2719
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
a0
301
302
303
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86

(g Xl

53
54

55
Se

57
58

59

60

WMN (1) =WWO/0SART (GT=GB*WWOes2)
WALTAN{L1)}=ZRO
IF (NF.GE.0) GO TO 54

SMOOTH UPSTREAM CONTOUR [F DESIRED
CAEL NEO

D0 53 JELe+NUT
WALTAN(JI =DTAN (WAN (J) /CONV)

CALL SCOND {WAXsWALTAN+SECDSNUT}
SECD{1}=500

SECDINUT}=ZRO

KO=NYT +MP

IF {(MP.EQ.D) GO TO %6

RADIAL FLOW SECTION COORDEINATES
SNE=DSINIETA)
TNE=DTANLETA)

OM= [AMACH=GMACH)} /MNP

00 55 L=1sMP

LLENUT+L
WHN{LL } SGMACHSL*0M

RL= [ {GO#WMN(LL) ##2+G6) $#GA/WMNILL) ) ¢#QT
WAX (LL)=RL#CSE

WAY (LL} =RL#SNE
WAN(LL}2ETAD

WALTAN (LL }=TNE
SECDULL)I=ZRO

IF (MQ.LT.D) GO TO &0
1IF (JC.LE.0) GO TO S8
WRITE (6¢10%) ITLE
WRITE (6+99) LST

DO 57 K=lsLPeNK
T={K=1)/NK+]
XINCH=SF*CHAR (14K} +FRIP
YINCH=SF*CHAR (24K}

WRITE (64103} Mo ICHAR{JoK) o Ju]+6) s XINCHWYINCH

IF {MODII+10}.EQ.0) WRITE {(&¢94)
IF {ISE+EQ.0} WRITE (6+91) ITLE
IF (ISE.EQ.1) WRITE (64102} ITLE

WRITE {(6+84) RCLETADy AMACH ¢BMACHCHACHEMACHLMC, AH

IF (NOCUNGNE.C) GO TO 59
WRITE {64100 IwL

PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER

WRITE {©485) (KsWAX{K)sWAY (K] s AMN (K} s WAN K]} o WALTANIK) «SECD{K) oK=]1+PER

INUT)

IF C{LREQ.Q) . AND. (N LT,42}) GO TO 59

IF ({LRWNE.O) LAND. {N*LR.LT.27}) 6O TO 59
NOCON=1

G0 TO 58

WRITE (6+87)

NOCON=(

COMPARISON OF CONTOUR WITH PARABOLA AND HMYPERBOLA

DO 62 J=WNUT

X5z (WAX (J}=X0) /YD
XS2xx5ue
ASIxX5443

PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER

304
305
306
307
308
309
310
3
ala2
313
31s
315
16
7
s
e
azo0
321
g2
323
24
325
326
327
328
329
330
331
332
333
334
a5
36
37
38
339
340
341
342
343
344
LS
A6
367
348
349
350
as1
352
353
i1
356
156
57
354
as9
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66

&1

62
63

LT3

[aXa X" ]
w

&6

67
68

69

YSuERAY {J) /Y0

YEsY1{J} /YD

PSEONESHALF*XS2%RRE
DHP=ONE+XS2%RRC

HS=DSQRT (DHP)

IF (JeBTo 1) GO TO 61

IF (MQ.LT.0) GO TO &2

WRITE (6488} JeXS+YS4YE+PSeHS
Go To 62

YPXsWALTAN(J) /XS

CYn(PS=YS) /XS]

CI=(PS=~YE) /X583

IF (JeEQe2) ICY=] D+6#{(DABS(CY})=DABSI{CI})
IF (MQLT0) GO TO 63
CYP={RRC=YPX} /XS/THR

WRITE (6988) JaXSeYSeYEsPSsHSCY2CIWCYP
IF (MOD{Je)10)EQ.Q) WRITE (6498)
WRITE (6+97) ICY .

IF (1Q.6T.0} GO TO 70

Jasl

RETURN

LINE=NL

DO 65 Jm14S

WALL (JeNL)YaF INAL (JsNP)

SMOQTH DOWNSTREAM CONTQUR IF DESIRED
IF (NF.LT.0) CALL NEQ

DO 66 J=x=1sNL

WOX (J)=WALL (1)
WTAN(JISDTAN(WALL {5+ .} )

CALL SCOND {WDXsWTANsSCDF+NL}
SCOF (1)=ZRO

SCOF (NL}=ZR0

IF (JC4GEsQ) GO TO 68

WRITE (6+104) ITLE

WRITE (6999} IFR

DO 67 KaleLPehK

In(K=1)/KK+]
XINCH=SF*CHAR (] oK) *FRIP
YINCHESFRCHAR (2K}

WRITE (69103) Ks{CHARIJoK) sJm]lp6) + XINCH, Y INCH
IF (MOD{Is10),EQ.0) WRITE (6498}
IF {1GeLTo0r KO=)

NAGEKD=1

KING=L INE+NAG

00 69 LEIsLINE
WAX{NAG+L}=WALL {}oL)

WAY (NAGeL ) =WALL {24L)
WHMNINAG+L ) sWALL {3+1)

MAMINAG+L) =CONV*WALL {S~L)
WALTANINAG+L) aWTANIL)

SECD (NAG+L) aSCDF (L)

IF (MQ.LT.00 GO TO 71

WRITE (6s94) ITLE

WRITE (6vB&) RCoETAD«AMACH+BMACH» CMACHsEMACH MCy AN
WRITE (69100 IwL

PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER

360
35l
362
363
364
365
366
367
368
369
370
EX)
3re
373
3ta
375
ré
aar
378
379
380
as
382
83
384
385
386
asr
388
389
390
91
392
393
394
395
396
397
398
399
400
401
#02
403
“04
405
06
«07
408
409
%10
1}
412
413
414
415
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00l

12

73

Th
75

76

™
T8

79
80

WRITE {6485) (KeWAX(K) +WAY (K) s WMN(K) o WAN (K) s WALTAN{K) +SECD (K) + K=KQPER

1+KING)
GO TO 71
KING=KQ

APPLICATION OF SCALE FACTOR TO NON=(IMENSIONAL COORDINATES

00 72 K=1+KING
SIK)xSF*WAX (K} +FR]IP
FSAKY =SF @AY (K}

TTR(K) =ONE+GB*WMN (K} #og
SPR(K}=ZONE/TTR(K) *# {ONE+G1}

SO K)=SECD{K) /SF

IF (ISE«EQ.1l) XBIN=ZRQ

IF (ISE+EQ.0) XBINZXB#SF¢FRIP
XCINzXC®*SF+FRIP

CALL SCOND (S+WMN+DMDXsKING})
DMDX (L) FGTouWOP*WMN (1) 983/ w8 *3/5F
IF (MP.EQ+0,0R.14.LT.0) GO TO T4
PO T3 KINUTLKO

OHDX(K)SWMN (K ) #TTRIK} / (WMN (K) *®*2=0NE} /GT/5F /WAX (K)

60 TO 7%

IF (ISE.EQG,0) DMDX (KO} =AMACH®*TTR (KO) / {AMACH#a2-QNE) /AT /SF /XA

IF (IQeLTel.ORISE-EQe]l} DHOX(KING)=ZRO
PO 76 K=1+KING

. DPX (K} =~GAMSWMN (K) *DMDX (K} #SPR (K} /TTR1IK)

JQ=0
KAT=KING
IF (1ABS(M0) .LT.2) GO TO 78

EXTENSION OF PARALLEL=FLOW CONTOUR
KIT=KING+1

KAT=XING+1ABS (MQ)

RUT=S (KING) sRALF
INC2S(KING) =S [KING~1}

IF (INCoLT.1) INC=1

DO 77 KzKITWKAT

S{K}TKUT+ {K=aKING)*INC
FS(K)=FS{KING)

WHN (K} ®WMN (KING)
TTRIK}=TTRE{KING)
SPRIK}=SPRIKING)

WAN LK) =ZR0O

WALTANIK) =ZR0

PMDX (K) SZRO

DPX{K)2ZRO

SD{K)=ZRO

IF (XBL.EQ.ZRO) GO TO 79

IF (S{KINGw=}),.,LT.XBL) GO TQ 7%

INTERPQLATE FOR VALUES AT SPECIFIED STATION
CALL TWIXT {SeGMA+GMByGMCeGMDy~BL+KING+KBL)
G0 TO 80

KBLEKAT o4

IF (JB4GT+0) RETURN

IF (ISE.EQ.0) GO TO 8)

WRITE (6¢102} ITLE

PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
FPER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
PER
FER
PER
PER
PER
PER
PER
PER

416
417
418
«l9
420
421
422
423
AZ4
425
426
427
428
429
430
§3]
432
33
34
435
436
437
438
439
440
441
442
443
oA
445
(¥ 1]
on7
[
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
46T
468
469
470
471
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LOL

a1

82

83

84
a5
a&
&7

88
89

0
92
93
b
96

98
99

100

101
lo2
103
104
los
105

107

WRITE (6492) RCsSEWXCIN PER

80 TO &2 PER
IF (1Q+GT40) WRITE (6491} ITLE PER
IF {1Q.LE.0) WRITE (6+495) 1TLE+XBIN+XCIN«SF PER
WRITE (6+84) RCLETAD,AMACH;BMACH s CMACH s EMACH o MC 4 AK PER
WRITE (&+89) PER
WRITE (6+90) (KeS{K)+FSIK}sWALTAN(K) +SO{K ] o WHN(K) +DMDX (K} »SPR(K) +OPER
LPXIK) +KELsKING} PER
IF (KBL.GT.KAT) RETURN PER
JxKBL=] PER
FSXZGMASFS{J=2) +GMB*FS (J=1) +GMCOFS ()} +GHD*FS{Je 1) PER
WHMNXEGHASWMN (J=2) sGMBRWMN (=1} ¢ GMCeWMN (J) +GMU*WMN{J2 1) PER
DMXX=GMA®DMDX ( J=2) *GMBR*OMOX (J=1) +GMC*DMDX {J} +GHO®DOMDA (Je L) PER
DYDX=GMA®RAL TAN(J=2) +GMB*WALTAN{J=1) ¢GMCHWALTAN{J] ¢ GHD*WALTAN (Je1) PER
SOX=GHASSD (JeZ ) ¢ GHBESD (J=1) +GMIOS0(J) +GHD®SO(Je]) PER
SPRXSGMA®SPR (J=»2) +GMBSSPR (J=1) *GMCESPR (J) +GMD*SPR{Je 1) PER
DPXXaGMA®DPX {J=2) ¢ GME®DPX [ J=]) +GMCDPX () +GHD*DPX { Je 1) PER
WRITE (54101) XBL+FSX+DYDXsSDX»wMNE ¢ DMX N4 SPRX»DEXX PER
RETURN PER
WRITE (6+86} JP.NN+LINE+.) PER
RETURN PER

PER

FORMAT (1H +4H RCZ4Fl14693IX+SHETADRFB,44H DEG+3X s GHAMACHEF 10,7+ IXPER
1o GHBMACHEF10, T 3N+ SHCMACH=F 10, T34 GHEMACHEF 10474304 A%+ 2HH=F 11,7/} PER

FORMAT (10(8XeI3¢2K41PGELST/)) PER
FORMAT {IHO+9HOFELD IP2+I3¢5Hs NNT9I3e7He LINEx4I1348Hs POINT=.[3 )PER
FORMAT {1H 49X+ *POINT X/YO 48Xet¥ /Y0 s TR+ PINT Y /Y0 o TX o *PARSYORER
104 7Xe "HYP/YQ CLY ' llXa'CIYIIY410XstClYRP)Y /) PER
FORMAT (1H s9XeI345F13,7+1P3ELS.6 ) PER
FORMAT (1H ,9X+SHPOINT s TXeSHX(IN) vIXsSHY (IN) s 99X SHDY/0X 48X s THD2Y /DPER
1X2¢TXeBHMACH NO4& o TX«SHOM/ DX+ 9X s SHPE/P0 11 X2 6HOPR/DX /) PER
FORMAT {10(10X+13¢2X¢0PEF1447+1P2E16.5/)) PER
FORMAT (1H1,3A4+1TH UPSTREAM CONTOUR/) PER
FORMAT (IH % RCZ*3F11.7¢%s STREAMLINE RATIO=*sF1l.8.4, TESTPER
1 CONE BEGINS AT'+F22:7e¢! [Nyt 7 ) PER
FORMAT (1H]s3a%¢22H THROAT CHARACTERISTIC ! PER
FQRMAT (1H143A4¢19H DOWNSTREAM CONTOUR/) PER

FORMAT L1H1+3A4s45H INVISCID NOZILE CONTOURs RADIAL FLOW ENDS ATFIPER
1146425H INoy TEST CONE BEGINS ATF11.6519H INes SCALE FACTOR®F9.4/)PEH

FORMAT (1HO+BX+6HMASS 2,F13.10) PER
FORMAT {1H0s9XsSHICY =4113 /) PER
FORMAT {1H ) PER
FORMAT {1H +8Xs44/BNsSHPOINT»8X s 1HX o 14X+ 1HY» LOX468HMACH NO, MPER

LACH ANGe (D) PSI (D) FLOW ANG, (D) X (IN? 29X SHY (IN) /) PER
FORMAT (1H 1AXyA4/8XsSHPOINT 48Xy 1HK s 14X e 1HY 2 10X e ITHMACH NO. FPER

LLOW ANG+ (D) WALTANy9X s 6HSECDIF/} PER
FORMAT (1H0410X+6F 14,7 ¢ P2EL6.5) PER
FORMAT (1H],3A4,17H INVISCID CONTOUR/} PER
FORMAT (1H 3110¢2Xs1P6E1S.T,0P2F14,7) PER
FORMAT (1H143A4+33H INTERMEDIATE LEFT CHARACTERISTIC /) PER
FORMAT (1H]s3A4434H INTERMEDIATE RIGHT CHARACTERISTIC /) PER
FORMAT (1H o8H CHARACT+14/78X+5HPOINT#BXy 1HX 214Xy HY + 1 0X+68HMACH NOPER

1. . MACH ANG, (D} PS1 FLOW ANG, (D} X1{IN) 29X+ SPER

ZHY{INY /) PER
FORMAT {1H0+12H  CONTOUR +1P3E15.7 ) PEH
END PER

412
4T3
4Té
415
4te
77
478
479
480
481
482
483
484
“85
486
487
488
489
490
49]
w92
493
494
495
498
497
408
499
So00
501
502
503
S04
505
506
597
508
509
510
511
512
513
514
515
516
517
518
S19
520
521
S22
523
524
525
526
527
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SUBROUTINE PLATE PLA
DUMMY TU BE MODIFIED FOR SPECIAL CALCULATIONS FOR FLEXIBLE PLATE PLA
IMPLICIT REAL*8(A=H.0=1) PLA
COMMON /JACK/ SJ(30) ¢XJ(30)eYJ(30) 00030 PLA
RETURN PLA
END PLA
SURROUTINE SCOND (A+84+CaKING) SCO
TO ORTAIN PARABOLIC DERIVATIVE OF CURVE (UNEQUALLY SPACED POINTS) SCO
IMPLICIT REAL#8 (A=HsQ=2} sCo
DIMENSION a{300), B{(300}s C(300) SCO
NeKING=1 sCo
00 1 K=Z2s+N sCo
SzA(K}=AlK=]1} SCO
T=A(K+1)=A(K} SCo
CIKI={(B{K+11=B(K) ) #5025+ (BIK)=B(K=1}1#T#T)/(S¥S2Te5aTET) sCo
SO=A{2) =41} SCO
Jo=A () =A(2) 5C0
QO2S0+TO SCO
Cl1 =4=TO*(GD+S0) *B (1} +Q0*0Q*B (2} =504S04B (3) )} /00/S0/T0 SCO
SFxA{KENG=1) A (KING=2) sCo
TF=ALKING) »A{KING=1) SCO
QF=SF+TF 5C0
QST=QF 8LF & TF sCo
CAKING} ={SF#{QF +TF) *B (KING) =QF #QF #B (KING+1) + TF*TF#B (KING~2)1 /05T SCO
RETURN sCO0
END SCO
SURROUTINE SORCE (wWeR) SOR
TO OBTAIN VELOCITY DERIVATIVES IN RADIAL FLOwW SOR
IMPLICIT REAL*8({A+H,0=2) SOR
COMMON /GG/ GAMeGMaGleG2e6IeGhaGSe1GEH16T+68+G9+GArRGAIGT SOR
DATA ONEZL.D*0/«TWO/ 2,040/ 4 THR/ 3040/ +FOUR/ 4,040/ SOR
DIMENSION Bia) SOR
LLES Ld ) SOR
AL=G7#G9 SOR
AWWEAL =i SOR
WWlzWW=CNE SOR
AREA= ({ (AL=ONE) fAWW) #2GL) /W SOR
B{1)=AREA®##]QT S0R
AXWEALSWWINE (]} 508
B{2)=WeANW/AXW/GT SOR
C2=xTHR/UT+AL® (TWO-ONE/QT) S0P
ChzAl «ONE/QT SOR
CHRW=WW® (C2~WWeC4) =AL* {ONE+ONE/QT} SOR
B{A} =R [2) *CHW/AXW/ Wi SOR
OWW={ THO*C2=FOURSC4*WW) /CHW=FOUR/ Wi ] SOR
B{4)}=E8(3)*(B(3)/R(2)+WoB (2) *Duw=0ONE/B(1}) SOR
RETURN SOR
END SOk
SUBROUTINE SPLIND (XeYaTNZpTNLsL} SPL
COMPUTE CUBIC COEFFICIENTS FOR A CURVE X=Y SPL
IMPLICIT REAL%R (A«H40=2) SPL
COMMON /COEF/ E(5+200)4NE SPL
COMMON /WORK/ A(300) «BL300}+CL300}sD(I00Y,G(3001+SB{3I00)+XM(300) DSPL
1X(300)+0Y (300} SPL
DIMENSION X(1}s Y1} SPL

DATA ZERO/0,0D#0/+ONE/L4D40/ ¢ THR/34040/451X/64D40/ SPL

WE NN FW NN FWN -
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CALL OREZ (EvS5%200)
CALL OREZ {A,9%300)
Dx{1}=ZERQ

DY {1} =ZERD

N=L=)

00 1 K=2sl

DX (K)sX{K) =X (K=1)
DY (K) =Y (K) =Y (K=1}

B(1)=DX(2) /THR
ClL)=0X{2) /SIX

D1 =DY L2} /DX 2} =TNZ
ACLY=DRALY /SIX
B{L)®DX{L)/THR

DLL) =TNL=DY (L) /DX (L}
AC1}Y=ZERO

DO 2 K=2sN

ALK)=DX (K) /SIX

B{H)= (DX (K)+DX (K*1)}/THR
DK} =DY (Ke1) /DX (Ko 1) =DY (K) /DX (K}
CIKI=DX(Ke)) /51X
SWEONE/BL1}

S8 (1)eSweC(])

Gl1I=SWeD (1)

DO 3 K=2+L
SWEQONE/ (B IK) A (K} 4S8 (K=1))
56 (K) =5W*C(K)
GIK)ESWS LD (K) =A (K)#6 (Kn)) )}
XML RG(L)

DO & K=leN

Jai =K

KMy =G (J}=SBIJ}#XM(Je 1}
00 5 Km2el

DAR=ONEZ X (K}

0=DAR/SIX

PR=XM{K=]1)2q

GRGeXM (K)

- REDX LK) ¢AM(K=1) /SIX=DXREY (K=})

S=Y (K) SDAR=DX (K} #XM{K) /S]
AK=X (K

PARXK*P

PAXuPA#XK

PXXXSPXX*XK

XJ=X (Kwl]

AxX=xXJ*q

QAX=gXeXJ

QXXX=QAXEX)

E(2.K)=P+Q

E£(3¢K)m=THR® (PXeGX]
E(4eK) ZTHRE (PXX+GXK) ¢R25
E(SsK) T=PAXAX-QXXX=REXK=58 L)
CONTINUE

DO & K=2ol

E(loK}=X{K}

CONTINUE

E{lsl}=Xitl}

SPL
SPL
SPL
SPL
SPL
SPL
SPL
SPL
SPL
sPL
SPL
SPL
SPL
SPL
SPL
SPL
SPL
SPL
SPL
SPL
SPL
SPL
SPL
SPL
SPL
SeL
SPL
SPL
SPL
SPL
SPL
SPL
SPL
sPL
SPL
SPL
SPL
SPL

" SPL

SPL
SPL
SPL
SPL
SPL
SPL
SPL
SPL
SPL
SPL
SPL
SPL
SPL
SPL
SPL
SPL
SPL
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RETURN

£ND

FUNCTION TQRIC {WIP+SE}

TO OBTAIN THROAT RADIUS OF CURVATURE FROM VELOCITY GRADIENT
IMPLICIT REAL*8{A=H40=2)

COHMON /FG/ GCeGD2BE»GF e GH 9G] e HAWHB yHC o HE

COMMON /GG/ GAMsGMa Gl 2622163454465 4G6957+GB+GI9GAsRGAVQT
DATA QNE/ ) oD+0/ s THR/3,040/sFIV/S. 040/

IExQNE/QT=0ONE

FuzWIPSSE*DSQRT {QT* (GAM+ONE) )

TRR=FWH (ONE+ (GCs (THR4GCA22=GD) *F W42} sFyead)}

TR2xTRA*#2

TK= (ONE=G78 {ONE+ (GE+GF#TR2) #TR2) #TR2#82/ (45 D+ 0+ ITE} 1 ##QT
FFaFW/TK=TRR®* {ONE=TR2# [GC=GO®*TR2})

FP=ONE=TR2¢ {THReGC~-F [y2GD*TR2}

TRR=TRR*FF /FP

IF (DABS(FF).GTelaD=11) GO TO 1}

TORIC=ONE/TRR#42

RETURN

END N

SUBROUTINE TRANS (RTQeTKe+WQoAMNYAMP 4 AMPP oW o AWP 4 AWPP o CHOPPP 4 AXN)
TO DETERMINE THROAT CHARACTERISTIC

IMPLICIT REAL#B{A=H40=2)

COMMON /GG/ GAMsGMaGlaG2e534584G5+66467+GBeGIIGAVRGAIOT
COMMON /CONTR/ ITLE(3)¢lEWLR

COMMON /TROAT/ FC(H451}

DATA ZRO/0,0040/3ONE/ 1040/ ¢ TWO/24D40/+SIX/6,D40/+HALF/5,0=)7
DATA TRHV/1 5040/ THR/3.0¢0/+FOUR/ 4,040/ +ELT/8,D¢0/oTLV/1.2D41/
NN=1ABS(LR)

JJx240/ (NN=1)

IF (MOD{JJ+2) «NELD) JJmJdds]

IF (dJelTe1D) Q=10

KK= S JoNN=J.)

GB=IE/ELT

GK= {GAM® (GAN+2.25D40P[E=16.5040) +2,25D¢0® (2+1E}) /TLY
GURONE=GAM/ TRHY

GVa (HALF# (S+3#TE )} #GAM«IE) / {9=]E)

GZ=DSQRT (QT* {GAMSONE) )

UZ22=GB+GAM/THR/ (3~1E)

Ud2={GAM+ {4=TE} *TRHV) /SIX/ (3=]1E)

IF (IE.EQ.0) GO TO 1

GTu{GAM® {GAMEIR  DeDs 180,040 aF D00} 71152,D0

U23% {GAM® {304 D+ 0#GAM 2550 0) =S4 ,040) /1 T2 000

U= {GAM® (3B, D+0SGAM+TTTD¢0)+153.0¢0) /2304,040
UBIE{GAH® [S556,D+08GAM173T 4040} +3069,0401/10368,0+0
UPO®R {GAM® (S2,D+0%GAMS TS5 ,D40)=9,0+0} /192.0+0

UPZ= (GAM® (52,04 0%*GAM+S] .D+0) +327.D40) /384,040
V02={28,040%GAH=15.D+0) /288,0+0

V222 (20,0¢0%GAM+27 020} /06,00

v42x (GAM/THR+QNE) /THR

VO3x (GAM® (T100,0+07GAM+2151,D40)+2169,0+40) /82944 ,0+0
V23= (GAM® (3424 ,D+0%GAM+4071,0+0)1=972,0+0) /13824,0D+0
VAIE (GAM® (3380 ,0¢08GAM+ 7551 ,D+0) +3771.0+0) /13824 .D+0
V6= (GAM® (H836,D+0%GAM+2303] 040} +30627.040) /82944 ,0+0
G0 TO 2

SPL
SPL
SPL
TOR
TOR
TOR
TOR
TOR
TR
TOR
TOR
TOR
TOR
TOR
TOR
TCR
TOR
TOR
TOR

T TQR

TOR
TRs
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRa
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
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GT# (GAM® (GAM®]134.0+04¢429.0401+123,0¢0)/6320.D+0
U232 (GAM® {854 ,D+09GAM+307 .D+0}+279,0+0) /12960.D0
U3 (GAMF {196, D+0%GAM+54F, 0401 =563,0+0) 72592.0+0
UE3=(GAM® (IO2,De09GAM 1 449,040} ¢3177,0+0) /12960.0+0
UPO2 (GAM# (26,0+¢08GAM4S] D401 =27 .00} /144,040

UP22 (GAM®{26,D¢0®GAM*27.040)+237,020) /288,0¢0

V022 (34.000%GAM=T5,040) /1080,0+0
V22=(10.0800GAM+ 15,001 /108,040

V422 {224020%GAMTS5.040) /360.D40

V033 (GAM®(T5T70.D+04GAM+* 0BT ,D+0) +23157,0+0) F544320,0+0
V232 (GAM® (5026 ,D¢0®GAM* 7551 .00} =4923,D40) /T7T60.D40
Va3 (GAMP (2254 ,0+0%GAM+6153.040) +29T9,D+0) /25920400
VOIZ(GAMS (65T4 . D+0#GAMS2648] 4D+0) ¢ 4J059,0D+0) /181440,040
WHOTWOS (HALF + [U42=22+ (U63=U43+4U23} /RTC) /RTO}/RTH
WOP= (ONE=-{GB=GT/RTO) /RTG} /OSQRT {RTO)

WOPP= (GU=GY/RT0) /RTO

HOPPP=GK/RTO/DSGRT (RTO}

HYPPP= (3% ]E=(10=3¢1E) *GAM] /FOUR/RTO/DSQRT (RTO)
AMNawWWO/DSQRT (GT=Ga*wWH{#*2)

BET=DSQRT (AMN®#2«0ONE)
PSI1=G2¥DATAN [BET/G2) =DATAN{BET)

P12ZRO

T1=ZR0

X1=ZRO :

YI=0NE

FSY1=ZRQ

THNZ2=~ONE/BET

FC{leNN)=X]

FC{2«NN)=Y]

FC{IsNN)=AMN

FC{&¢NN}=PS]]

FC{SsNN}=IRO

FC{6+NN})=ZRO

BX=0ONE

SUM=ZR0Q

FSAZ(IE+]1) #AMN/ (GE+GS#AHNSSZ) aEGA

DO 8 J=lsKK

YEDFLOAT (KKw}) /KK

IF (JE.EQs1) BX=YeY

YYzyey

TN1xTNZ

TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA

VO ({ (VYR IYY® (YYSV6I=VE3) ¢V2I)=V03} /RTOYY* (YT HY42=Y22) +V02) /ATOCHTRA

JALF* {YY=ONE) 7/ (3=1E) ) /RTO

TRA

VP% [ONE* { (YY® (TWO*GAM+3# (4=TE} ) =TWO®GAM=TRHV*IE) /(3=1E) /THR+ (YY#{STRA

1IXSU63*YY=FOURU43) + TWORUZ3I) /RTD) /RTO) /DSQRT (RTO?
VPPaTWO* {ONE+ (TWO*UPZ#YY=UPD) /RTO) /RTO

ITERATE FOR X AND MACH NUMBER FROM CHARACTERISTIC EQUATIONS

DO 4 IxlelD

THASHALF* (TNl +TN2)

X=Xle {Y=Y1}/TNA
DXI=DSART ((Y=Y1) ##2e (X=X]1]}#22)
20T=x/G2

VYRGZH (VO*XQT® (VP +XOT# (HALF#YPP+ XOTS#HYPPR/THR) } ) ZDSQRT (RTO}

WAMN/DSORT (GO +GE*AMN##2)
T=DARSIN{VY®Y /W)
FSY=TE#YY/W/AMN

TRA
TRA
TRA
™Ra
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
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[F N

PlxHALF* (FSY]+FSY)#DX1
PSI=P1+PSI1eT1=T
FMA=FMV(PSI)

IF (DABS (AMN-FMA) ,LT,.1.0-10) GO TG 5
FMURDARSIN (ONE/FMAY
TNZ2=DTAN(T=FMi)

AMN=FMA

CONTINUE

ITERATIUN COMPLETE

IF (MOD(Je21,EQ401 GO TO &
AS=¥Y1l=Y
FSASRX/USIN(FMU=T) / (G6+GOPFMAS®Z) baGh
GO To 7

BS=Y1l=Y

CS=AS+85
SIx{TWO=B5/451#C5/S1X

53z (TWO=AS/BS)#CS/SIX
S22(5=51=53
FSCERX/DSIN{FMU=T)/ (GE+GHAFMARE2 ) woGA
ADNIS1*FSA+S2*FSB+S3I*FSC
SUM=ADD«SUM

FSA3FSC

X1=X

Y=y

Ti=T

FSY1=FSY

PSI1=P5]

IF (MODU{J+JJ) 4 NE.OQ) GO TO 8
K=NN=J/ dJ

FCl1eK) =X

FCI24K) =Y

FCI3sK) =FMa

FC(4+K)=PS]

FC{S«K) =T

FC{6+K) =SUM

CONTINUE

DO 9 J=lsNN
FCIla N =FC{leJ}/TK
FCI2eJ)=FC{2,J) /TK
FC{6eJIZONE=FC (64J) /SUM
AXNEFC(lel)

AWOP=WOP®TK/GZ

ANQPPRYWOPF® [TK/GZ)on2
AWOPPR=TWQ*HOPPF* {TK/GZ} ##3

CWOPPPESIX® (W=W0=AKN® { AWOP + AXN*AWOPP/TWO} ) FAXN#3

IF {CWOPPP L T,AWOPPP) CWOPPP=AWOPPP
AWPTAWOP+AXN* (AWOPP+ AXNSCWOPPP/ TWO)
AWPP=AWOPP+AXN®CWOPPP

AMP=AWP*GT4 (AMN/W) =83

AMPP=AMP® (AWPP/AWP ¢ THR®GS® AMP#W* W/ AMN)
IF (ER.6T.0) RETURN

LR=NN

RC=RTO=ONE

WRITE (5412) ITLEWRCyAWOP+AWOPP s AWORPPP
00 0 JxlenNN

Y=DFLOAT (J=1) / (NN=1}

TRA
TRa
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TiHA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
TRA
THA
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TRA
TRA
TRA
TRA
TRA
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TRA
TRa
TRA
TRA
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99
100
101
102
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104
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107
108
109
110
111
112
113
il4
115
ilé
nt
118
119
120
121
122
123
124
128
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
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01

10

11

12

13

15

16

17
18

YYmYysY TRA

Yhayy#e? TRA
YozYY®®3 TRA
DUYZ (HALF 2 yys (U429 Yo=12298 YT+ (UGS YO 430 YA +U2I8YY) /RTO) /RTO) /RTO TRA
UY=WD+DUY TRA
VOR(CIYY#(YY®R (YYOVEImYa3) +VRI) =03 /RTOSYYR (YYOVAZ=YRZ) +VDZ) /RTOSHTRA
LALF«(YY=ONE} / (3=-1E))/RTO TRA
VY=GZ*V0=*Y/DSQGRT (RTQ) TRA
WY=DSQRT {Uyse2eyyen) TRA
YM2WY/DSQRT (GT=GARWYRS2) TRA
WRITE (65133 YelYasVYaMYsYM TRA
IF (MOD(Je]10}.EQ.0) WRIT {6414) TRA
EX1=CUBIC (CWOPPP/SIX« ANOPP/TWO + AWOP y WO=ONE} TRA
AXISCUBIC{AMOPPR/STXs AWOPP/THO « ANOP s WO=W) TRa
WRITE (6915) XX1eXXIsWeCWOPPPTK TRA
WRITE (6416} TRA
PAsAANS D=1 TRA
DO 11 J=]sll TRA
K=y JDe0®(J=]) TRA
AWSWO+X® (AWOP« X & (AWOPP/TRO+ X4CWOPPP/51X)) TRA
XWPZAWOP+X* (AWOPP+ X *CWOPPP/THO) TRA
XWPPAWQPP + X#CWOPPP TRA
XMaxXW/DSART (GT~GBeXwae2) TRA
XMPZXWP*GT# (XM/XW) #23 TRA
XMPPEXMP#* {XWPP/XWP ¢ THR®GS#XMPAXWAXW/ XM} . TRA
IF (X LToAXNLORXLGT.PX} GO TO 11 : TRA
WRITE (64181 AXNeW s AWP s AWPP + AMN+ AMP o AMPP TRA
WRITE (54173 XoXWaXWPyAnPPyAbyXMP s AWPR TRA
RETURN TRA
TRA

FORMAT (1H1,8X»3A4+39H THROAT VELOCITY DISTRIBUTIONs X#%0s RC=+F10.TRA
16//10X44HDERIVATIVES TAKEN WITH RESPECT TO «/Y#. WOP=sF11,B8//10X+TRA
2SHWOPP= 4 1PELS T vSXe SHWOPPPZ4ELS T/ 710X+ 4HY /YO e TX s 4HUSA% 21 OX o 4HV/A®TRA

3¢l1XelHWs 11X eBHMACH NO. /) TRA
FORMAT (1H +F14,444F16.8 ) TRA
FORMAT (1H } TRA

FORMAT (1HO+9X+ 18HFROM CUBICs X/Y#* 3eF11.8s11H FOR WE 1.0 //22X+6HTRA
1X/77% =9F11eBsTH FOR WxeFlle8 //10Xs16HCORRECTED WOPPP=41PELS,T // TRA

210X+ 15HRMASS = YS/YD #40PF13,10 //) TRA
FORMAT (1HD+9X,32HAXIAL VELOCITY DISTRIBUTIONs Y30 /10Xy 4HX/¥® 9XTRA
LolHWs LTX02HNP s 16X s IHNPP 9 15Xy JHM s L7 X 2HMP» 16Xy 3HMPP /) TRA
FORMAT (1H +F13.3+1P6E18,7 ) TRA
FORMAT {1H 4F1648+1PEL1S+T+SE1B.T } TRA
END TRA
SUBROUTINE TWIXT (S+GMA+GMBeGMC+GMD s XBL+KATKBL) TWI
T0 CETERMINE INTERPOLATION COEFFICIENTS Wl
IMPLICIT REAL®8 (A=HyO=2) Wl
DIMENSION S{200) Wl
DO 1 L=loKaAT TWI
IF (S(KAT=L}.LT.XBL) 6O TO 2 ™l
CONT INUE TWI
JEKAT=L+] Wl
XBBaS{J)=XBL ™1
KBLzJe1 ™l
DUsS{J+1)=S (0> ™I
DTaS{J)=51(J=1) Wl

148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191

-
(= R R R L K

11
12
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201

SEV00469(09=01=19T7)

PN

[gX3)

M A
led
-1
4l
LD
20v
10v

DSa5(J=1) =5 (Jn2)

DST=DS+0T

DSTU=DST+Dy

DTU=DT+0U
GMA=~XBB*{DT~-XBB)* (DU+XBB) /DS/0ST/DSTUY
GMB=XBE2* (DST=XRA) % [DU+XBA) /0S/DT/DTU
GMC3 (0ST~XAR)*{DT=XBA1}* {DU+XRB) FOST/DY /DU
GMD==XBB® (DST«XBB) #{DT=XB8) /DSTU/DTU/DU
RETURN

END

SUBROUTINE XYZ (XXsYYeYYP+YYPP}
COMPUTE  Yev?eY" FOR A CURVE DESCRIBED BY CUBICtS A(S+#)
WHERE (17 = XeMaX (2)= nIGH QORDER COEFFICIENT,
IMPLICIT REAL®H (A=Hs0=2)

COMMON /COEF/ A(5,200) +NA

DATA ZERQ/0,0D4+0/

XnxXX

IF (X«GE.Af1+1}) GO TO 2

Y®2ERD

YP=ZERQ

YPPaZERQ

60 TO 5

00 3 K=2:200

IF {ReLE.A[LI.K)} GO TO &

CONTINUE

G0 TO 1

A=A (24K)

A2=A(34K)

Al=AlGqeK)

AZ=A(S K}

TEAZ+A2

SEAI#IL0D+0

RuS+S5

YeAZ+X®#(Alexo a2+ X®R3))
YPEAL+X*(Tsxas)

YPPzT+R#X

YYsy

YYP=YP

YYPP=YPP

RETURN

END

VKFOT7600 TUESDAY JUN 0651978 11135,34

CHS4
1716,563 1. 0.896 2420965E=8 198,72
67 6 £ 44 12425
3} 19 41 49 =61 1
a% 50
. 1638, 900. S40. «38
0. “bs 172, 2.

80,
10

Wl
TWI
TWi
TWI
™l
Wil
W
Tl
Wl
TWl
xXvZ
X2
XyZ
X
xyZ
XYz
xrZ
xXy2
xYZ
xYZ
xyZ
xrz
xYZ
XyZ
xYZ
xyZ
xyYZ
xYZ
xrz
XYZ
xvZ
XyZ
xY2
374
XYz
XYz
xyZ
XYz
b 374
XyZ
AYZ

1000,
=21

13
S

|o-oo-c--'0----...-'--Oco.oco|-o...o---i-o-o---..].-.o.o---l.uo.-n-.ol--.-'o.-cj

1

10 20 30 40 50 &0

70

a0

~ U WY e

HEBOABI MR LIRS AINI LIRS R ITER RN RAEBI RN IR ARRSRRe NN SEND OF INPUT DATA Sausaonsstasitoatititssnsnasesntassssneiasusasssses
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601

MaACHS

THROAT VELOQCITY DISTRIBUTIONe X*0» RCx 6,000000

DERIVATIVES TAKEN WITH RESPECT TO X/Y#, WOP= 0,34136113

woPP=
Y/Y0

0.0

0,0500
0.,1000
01500
0.2000
0.2590
0.3000
0.3500
0,4000
0,4500

0,5000
0,5500
0.6000
0.6500
0.7000
.7500
0.8000
0.8500
©,9000
0,9500

1.0000

FROM CyBIC, X/Y% = 0.10589172 FOR W=

2.83284360=03
Usas

0.96385164
0,96401577
0,954b0872
0.96513218
0,956648905
0,96798341
0,96932065
0.97290756
0,97455242
0,97746515

0,9307574%
0,98444311
0.9385378¢9
0,99306008
0.998p3057
1,00347313
1.00941470
1.01588572
1.02292039
1,03055708

1.03883866

X/Y® = 0,3091645]1 FOR W=

CORRECTED WOQPPPx =7,5423201D=02

RMASS = Y#/Y0 = 0,9997135747

AXIAL VELOCITY CISTRIBUTION, Y=0

x/ye

0.0

04100
0,200
0,300

0.30913748

0,400
D500
0,600
0.700
0.800
0.900
1.000

9¢6305164D=01
F.97989420=01
1.03208050 00
1,0660499D 00
1.06914510 00
1.09982250 00
1.1323234D 00
ls1664774D 00
1.1992097D 00
1.23144531D 00
1426310870 00
L.2941254D Q0

WOPPPE =7 ,6881686D-02
VA" W MACH NO.
0.0 0.96385164 0.95708127
=0.00071638 0.,96401603 0.,95727442
=0.00142453 0,964650977 0.,95785464
=0.00211614 0.96533450 0.,95882420
~0.00278269 0.96649305 0.96018598
=0,0034]1543 0.96798943 0.96194847
~0.00400516 0.969828%92 0.96411592
=0.00454220 0.97201817 0.96669850
~0.00501616 0,97456533 0,96970739
=0.00541%8! 0.97748016 0.97315505
~0.00572486% 0,98077422 0.977060&4
=04005%4164 0.28446104 0.98143928
=9,00603898 0.98855634 0.9B631430
=0,00600372 0.69307823 0,39171165
=0.00581642 0.99804752 0.99765839
=0400545488 1.00348795 1.00418993
=0.00489374 1.00942656 101134407
=0.0041038] 1.0158940¢ 101916472
=0.00305]5T7 1.022924%4 1.02770206
=0.,00169844 1.03055848 1.03701332
=0.00000000 1.03883866 1.04716380
1.0
1.0691451%

L1 WPP
3.+41361180=-01 2.8328436D=03
3.4126935D0=01 =4 +66947650=03
3.4042728D=01 =1.21717970=02
3.38834990-01 ~l.96T41170=02
3.3865208D~01 =2+03596400=-02
3.36692460~01 =2.71764370=-02
3,33299700~01 ~3.46TBI57D=02
3.2955671D0=01 =ho21810T70=02
3,24963490=01 ~4,9683397D=02
3.19620030=01 =5.71857170=02
3.13526340~0) =6 ,4588038D=-02
3,06682420~01 =7.21903580=02

L]

F.574812%0=01
3. 37588T60=01

1,0388752D
1.08090220
1.08477780
1412362690
1.,1670014D
1.21097080
1.,25547320
1.30043720
1.34578170
1.3%141370

00

MP

4.01061750=01
4,09030180~0]
4,1663426D=01
%,23834270~01
4,24470410=0]1
4,30581350+01
4,3681650D-01
4,42469620=01
4,47450460=01
4.51687600=01
4,55047800=01
4,57414460=0]1

HPP

B8.13946640=02
T.7921558D=02
7.4093984D=02
6,98250120-02
6494036560-02
6.50183630=02
S5,.95679340=02
5.,33575010=02
4,62606830=02
3.,81412630~-02
2,8854013D-02
1.824617T7D=02

€9-84-41-0Q3V



OLi

MA&CHS4

THROAT CONTQUR,

N0e OF POINTS ON 15T CHAR, (M

GAMMAS 1.

Y*=0.15117572

aXIS
FOINT

CO@ PN P L

-

Wiz
wWl=
WE=
c1=
XQI=

MACH

X

lal4068
1.,12775
1.115%01
1.10249
1.09018
1.07810
1.06627
1.05468
1,04336
1.03232

1.021%7
1.01115
1.00106
0.99135
0.98205
0,97320
be96487
0.95715
04+9%017
0.94420

G.%0012

3r0=DEG AXIAL VELOCITY DISTRIBUTION

)= 4l NO. OF POEINTS ON AXIS (N)= 21

4000 INFLECTION ANG. (ETA}=

l.069145%1
105914514

Le#nd16503

140691451

0.046T3408

RMASS=0.99971357

wie=
wie=

wEP®

2424012223
2424012223

145785706

C2= 0,44929096

xl=

0.964011759

0,95708127 AT 46.075B555 IN.,

X CINY

L7, 19A61
§1,87640
51,96120
51.85121
50.9466%
%0,64775
50.3%47Ta
$0.06R01
49,8780
49.91451

49.2:858
4B.99052
4R, T4094
48.50056
48.27030
48,.05]131
a7.84514
4T.69400
aT4%8133
47.33358

47423254

MACH NO.

1.A60154
l1.626258
1.,591793
1.557012
l.522140
1.,4B7383
1o45%2920
1.4189}7
1.38551¢9
1.35246]1

1.321067
1.290254
1.26053%
L.232030
1.20486]
1,179173
1.155142
1,1330l0
14113151
1.096265

l.08a278

DM/DX

2.5711980
2.6659540
2+1642630
2+80T756D
2.8580040
2.49646980
249246350
2.9437120
2.954920D
29593530

2,9580050
2,9518010
2.9415660
2.9280790
2.9120690
2,8942350
2.87527A0
2,85%9430
28371010
2+8199950

2.8077950

B.6700

C3x =1+79179340=-02

X0=

wWw0= 1.,0388387

DEGREES

wWoP=

ERPSIZETAS 1,91896

RAD. OF CURY, (RC)=

WIPPz =~8.90852940-0]

WiPP= =8,90852940=01

WEPPZ =6.30978160 00

0489338351

2459666557

MI=

EMACHs

6.000000

1.6601%

L. 08477784 MTP=

WIPPP2 =3,00096030 01

WEPPP= =3.00096030 01

Céx =4,0353099D~02

Y0=  0.15121903

MACH 1 AT 46,4720875 [N.s

[L]]
00
00
60
00
00
o
ao
on
00

0
a0
an

o0
ot
00
a0
Q0
o0

[ d

D2M/UX2

=7a9414020
-6,7191180
=5.5920330
=4+5596600
=3,6193890
=2+ 7670360
=1.9975%20
=1.3051430

00
090
00
00
0Q
09
00
of

«A,8369160=01
=1,2716810~01

3.,7033290=01
B41440910=0]

142102470
145625460
14R754490
2.1524720
243963970
246090620
227908670
729392210

3.,037071D

D3M/0x2

=9.7369330
=94151293D
=H.5459530
=7.939040D
~T+3645950D
=6,7730520
=64231762D
=5.7255390
=5.257154D
-4,827793D

~%4437445D
=4, 0852340
-3,7696a860
=31,4889580
=3.2410180
=3.0238110
=2.83546150
=2.674250D
~21339460D
~2.431998D

-24362573D

XiE=

CS= 0,0

BMACH=

SCALE FACTOR (SF)=

FROM THROAT CHARAC{ERISTIC WHICH HAS 21 POINTS
3.0821%

FMACH= 3,0821543

280779489

MIPP=

CMACH=  &,00000
24.75038624%
GMACH= 2,28784

WOPPPa «2,1T144820 01

WRPPPE

0.20056538

Cé=a

XE= 1,14068296

MACH 1.0B&a77784 AT 47,2325420 IN.

ol
0l

W@/ ae

1.460165
1.440736
1.420545
1.399M17
l.378372
1.356629
1.33460%
1.3124313
1,290160
1.26791706

1.245956
l.R24218
t.202082
1,1820T0
1.161919
1142582
1a126242
1107137
1.091613
l.078282

1.069145

DW/nx

1.457A58D
1.544T430
1.6253610
1.6998990
1.76A5480
1.8315030
1.88A9630
1.9411310
1.,9882180
2.030435D

240680030
241011470
241300990
2. 1550980
2.176391D
2+1942310
2.2088800
242206010
242296510
242362350

2.2401220

00
00
00
00
o0
00
00
00
oo
o0

00
o0
00
00
60
00
0d
o0
00
00

00

D2W/Bx2

~0,909740D
=6,5214820
=6,1393080
=5,7634540
=5,3941770
=5.0317640
=4,6765310
~4 43288350
=3,989077D
~3,6577160D

=3,32528]D
=3.0223880
=~2.7197710
=2,428316D
=2,149123D
=1,8835990
=1.633624D
~1,401859D
=1.192512D0
=1,013365D

0.

09
00
00
00
00
00
[
oo
oo
o

o0
oo
o0
00
1)
oo
of
oo
00
0o

-8,908529D~01

7.08852360 01

']

D3w/0x3

=3.000960D
=3.0009600
=3,0009600
=~3.000960D
=-3.0009600
=3.0009600
=3.0009600
=3+0009600
=3.0009600
=3.0009600

~3.0009600
=3.0005600
=3+0009600
~340009600
~+3+ 0009600
=3,0905600
~3.0009600
=3.00G09600D
=3+0009601
=3,0006600

=3.0009600

3.03707710 00

46 I[TERATIONS

£9-84-41-0d3V



Lit

MALCHS

POINT

—
R -2 - RUR RN\

bt ot ot ot ot
e e

THROAT CHARACTERISTIC

X

9.40117590=01
9.37018400=0]1
9434072480=01
9.3127055U=01
9.2R502420=01
$.26056950-01
92362206001
9.21284790=01
9.19031360=01
9416847400201

9.14718090-01
F412628470=-01
$.10563740=01
9.08509460=1]
9.06451380=01
9043781 10=0]
9.02276200=01
9.0013522U~01
8,979452580=01
8,9569T40U=01

849338351001

0.0

7.56095150%03
15121903002
2.26828550=02
3.02438060=02
3,78047580-02
445365709D~02
5,29266610-02
6.04876120=02
6.B048564D~02

745609515D=02
8,3170467D=02
9.07314180-02
9.82923700~-02
1.05853320=01
1e13414270=01
1.20975220-01
1.28535180=01
1.36097T130=01
1.43658080=01

1.31219030~01

MACH NO,

1.0847T78D
1.0763292D
1.068805%0
1.062163]10
1,0563575D
1.0513476D
1.04709260
1.0435%5250
1,04068800
1.03846060

1.03683250
1.03576850
1.03523460D
1.0352002D
1.0356377D
1.03652380
1.4378392D
1.0395689D
l.0417028D0
1.0442348D

1,04T16380

MACH ANG. (D}

6471977220 01
6.82%32446D 01
6,93291220 01
7.,0300762D 01
T.11999850 01
T.2019224D0 01
T.27510630 0}
7.3388485D 0]
7.3925570D 01
T.4357744D 01

T«4682308D 01
T+4898702D0 01
7.50085%0D 01
T.5015712D 01
7449255310 01
T+4744736D 01
7,4480709D 01
T.41410150 01
7.37329910 01
7.32634520 01

7.2738506D 01

PSI (D)

1.0529074D 00
940424997001
7.7756238D~01
6.70511860=01
5.80930090=01
Se06816410-01
4440343490=0]
3.97864230=01
3.5991872D=01
343123977D=01

3.1075561p=01
2+97588700~0]
2+9105011D~01
2.9062972p=01
2+95983200=-01
3.0691718D0=01
3.2337420p=01
3.454]1889D=01
3.7322066D-01
4.0707408D=01

Ge47335460=01

FLOW ANG, (D)

L

71.23832840~02
1,30305260=01
1,75513180-01
2+09619000=01
243409749D0=01
2,50282270=01
2459360470=01
246236T440=01
2,60]182550=~01

2453527570=01
2442968490=01
242892116001
241166043001
1.91332120-01
1.,67966080=01
1.,4148933D-01
1.11T37670=01
7«A4A5045D=02
4413501380-02

0,0

X{IN)

4T7.2325420
47,1558360
47,0829233
47,0135%44
46,9475371
46,868645358
46.8262714
46,7664229,
46,7106498
46,6565958

46,6038946
4645521759
46.5010728
46,4502286
4643993029
4643479762
4642999531
46.2429631
46,18876]1}
46,1331253

46,.0758555

Y (IN)

0.0

0,1871365
43742729
Be2ab14094
0.7485459
0.9356823
1.1228188
143099553
14970914
1.6842282

1.8713647
2.0585912
222456375
2.4327741
2.6199106
2.070470
2.9941835
3.1813200
32684565
3.5555929

3.7527204

£9-84-41-00d3V



AN

MACHG®S

CHARALT 1
POINT

a1

UPSTREAM CUNTOUR

X

! 1414068300
1.14644T40
1+15230460
115825520
1+16430930
1.17044070
117667740
1.18301160
1.18944410
1.19597530

1.20260920
1420934400
1,21618190
1422312440
1223017260
1.23732790
1.24459180
1.25196570
1.25%945110
1.26704950

1.27476260
- 1+28259200
1429053920
1.29860620
1.30679460
1+31510620
1.32354290
l+33210570
134079950
134962330

1.35858030
1.36767240
1.37690200
1.38627120
1.39578230
1+40543780
141524000
142519140
1.43529450
1.44555190

1.+45596640

00

MASS = 1.000000038)

8.0

4433703270=-03
8,71850550-03
1.31456070=02
1,76195420~02
2,21415330=02
2.67128200~02
3.13348663D=02
3,6008343D0=02
4.07351580=02

4,55164340=02
5403535140-02
54526477690-02
6.02005920=02
6452]134040=02
T.02876510-02
T+5424807D=02
B.06263750=02
8.5893887D0=02
941228907002

9.66330300=02
1,0210788D=01
1.07655130=01
1.13276460=01
1.18973620=01
1.24748360=01
1.30602510=01
1+36537910=01
1+42556450=01
1,4856006D=01

1+54850720=-01
1+61130450=01
1.67501320=01
1473965440=-01
1.80524980~01
1.87182160=01
1.93939250=01
2+00738580=01
2.0776251D-01
2414833500=01

242201404001

MACH NO,

1.66015380
1.6T4RE6TD
1.6896010D
1.70435940
1.71914460
1.7339594D
1.74880620
1.7626R76D
1.77860%80D
1.79356330

1.80856230
1.82350500
1.83869360
1,85283020
1.86901709
1.A8425600
1.89954920
1.,9148986D
1.93630620
194577390

1.96130370D
1.9768975D
1.9925573D
2400828480
2,0240820D0
2.0399508D
2405589300
2407191040
2+08800510D
2.10417880

2+1204334D
2+136T708D
2.1531928D0
2416970130
218629830
2420298550
2+2197650D
2¢23646387D
2.25360830
2+27067640D

2428784370

MACH ANG, D)

3.7038665D 01
3.66597980 01
3.62888070 01
3.59253520 01
3.5569117D 01
3.52198070 01
3.,48771420 01
3.4540862D 01
3.4210721D 01
3,3886486D 01

3.35679400 01
332548750 01
3,2947095D0 01
3,26444180 01
3,23466650 01
3.2053673D 01
3,.1765281D 01
3.1481341D0 01
3.1201710D0 01
3.0926250D 01

3.0654835D 01
3.0387336D 01
3.01236390 01
2,98636300 01
2495072000 01
24935424380 01
2,91046730 01
2,88583820 01
2.86152830 01
2.837528%0 01

2481383170 01
2.79042860 01
2.76731190 01
274647420 01
272190830 01
2.6996074D 01
2.67756480 01
2.65577420 0]
2463422940 01
2.61292440 01

2.5918583560 01

PST (D)

166373150
1.70708790
1.7504375D
1.7937875D
1.83713190
1.88048790
1.92383790
1.96718190
2.01053790
2.0538879D

2.09T723790
2+1405879D
2.18393790
2022728790
2.27063790
2431398790
2435733790
2.4006879D
2244403790
2448738790

2+53073790
2,57408790
2.61743790
2.6607879p
270413790
2.14T4879D
2.7T90R8379D
2.83418790
2+87753790
2.9208879D

2+96423790
3,0075879D
3.0509379D
3.0942879D
313763790
3.18098790
3.2243379D
3.2676879D
3431103790
3,3543879D

339773790

FLOW ANG, (D)

Gl

2416750000~01
4433500000=01
©.50250000=~01
B46700000D=01
1.08375000 00
1.30050000 00
1.51725000 00
1.,7340000D 00
1.,95075000 00

2,16754000 00
2438425000 00
2+60100000 00
2481775000 00
3.03450900 00
J.25125000 00
3.4680000D0 00
3.68475000 00
3.,90150000 00
4211825000 00

4233500000 00
4,55175000 00
4476850000 00
4498525000 00
S.20200000 00
5441875000 00
5463550000 00
$485225000 00
6,06900000 00
6.2R5765000 00

6,50250000 00
6,T1925000 00
6453600000 00
1.1527500D0 00
7.36950000 00
T.58625000 00
780300000 00
84,0197500D0 €0
B8.23650000 00
8.45325060 00

8467000000 00

2 {IN}

5241966126
52.3392858
52,4842521
52.6315327
527811500
52.93312T4
53,0874RG4
$3,2442616
$3,4034705
53,5651437

$3,7293100
$3,8959990
54.0652al4
54,2370690
54.4115145
54.5886119
54,7683986)
54.9509029
55.13616%96
55.324234)

55.5151358
55.7089151
55.9056134
56.1052734
56,3079389
56.513654%
S56.7224677
56,9344247
S7.1495747
57,3679677Y

57.5896549
S7.8146890
58,0431242
58,2750157
58,5104205
58, 7493960
58,9920046
59,2383050
59,4883611
59,7422374

60,0000000

Y(IN)

0.0

0.1073432
0,2157864
Ge3253588
0+4360905
0,5480115
0.6611526
0.7755450
0.8912204
1.0982109

1.1265493
1.2462689
13674036
1.48%9819
16140569
1.7396465
1.,8667931
1.995%33%
241259069
2.2579507

243917048
2.,527209%
246645050
2+8036361
29446429
3.0875702
3.23264626
3.3793660
3.5283271
3.6793939

3.8326151
3.9880408
491457223
443057118
b4 4680630
4.6328309
448000714

-6.9698423

541422024
5.3172121

344949332

£9-84-4.-203Y



el

M ACHAS

CHARACT 11
POINT

O P T NN P WA e

—

CONTQUR

INTERMEDIATE LEFT CHARACTERISTIC

X

Le02157264u
l.0268511U
l.03209250
1.,0372900u
1.04223890
1.047535%0
1.052%7940
108756950
1.06250770
1.06739760

1407224460
1.07651890
1.08087220
1.08530570
1.089819%0
1e094415TV
109309340
tel0385370
1e10869710
La11362420

1+11863560
1412373200
l1+12891390
l.134]1822V
1413953750
l+14498050
Ie1509122V
1-15613330
1.1618447T0
1414764730

1417354200
1.17953000
1.18561210
119178940
1.19806300
1.20443410
1.21090390
121747340
le228144)0
1423091720

1.2173%530

0.0

6.05542%80~03
1.19643%60=02
1.7699220D~02
2.3294023D0=02
2.87443510-02
3.405697T60-02
3.92397980=-02
443018400~02
4492532930-02

S.4105606D=-02
5.83417510=02
6,26177810=02
6,69351900=02
T.12951860=02
7+56988660D=02
8,0147282D0=02
8,46414740~02
§.91824840-02
9.37713650=02

9.84091830-02
1.0309704D=01
1.0783504D+01
1,12627310=01
1.1747201D=0%
1.2237132D=01
1.27326450=01
1¢3233864D=01
1.37409130~01
1.42539220=01

144773022001
1.52983460=01
1.5830031D~01
1+63682180=01
1.69130480-01
1a74646680=01
1.8023227D0=01
1.85885750+01
1.91617700-01
1.97420700-01

1.85804250=01

HMACH NO,

1.3210673D
1.3368776D
1.3529441D
1.3692059D
1.3856025D
1.40207560
1.4185644D
1.4350095D
1.45135100
1.46752840

1.4834805D
1.49741200
1.51143230
1.52552170
1.53966760D
1.55386170
1.56B0934D
1.58237410D
1.59668640
1.61103400

1.62541630
1.6398332D
1+6542850D
1.6687725D0
1.6832964D
1.69785790
1.71245810
1.72709840D
174178010
1.7565049D

1.7712741D
1.7860863D
1.8009522D
1.5158643D
1.8308274D
1.8458429D
1.8609127D
1.8760383D
1.89122150
190646400

1.87581240

00
a0
1]
Q0
00

ou
90
a0
00

20
a0
L1
00
20
00
o)
¢
00
a0

a0
Q0
90
00
Q0
90
a0
00
o
00

0o
00
o0

0o

90
90
a0
00
00
00

- MACH ANG, (D)

4,91972530
4,84186340
4,76572580
4.,69157710
4,6195634D
4,5493190D
4,48264540D
4.4175579D
4435520440
442954537D

4,238355TD
4.1398947D
4,14238530
%4 409585960
4409032250
4.0057640D
3.9621650D
3.91950110
3.,87774520
3.8368686D

3.7968417D
3.7576353D
3.71922050
3.,68156910
3+64465%37D
3.60864790
3.,57292630
3.5380647D
3,50383980
3.47022910

3.43721150
3.4047666D
3.,37287500
3434151820
3.3106784D
3.28033880
3.25048310
3.22109610
3.1921629D
3.1636695D

0l
01
01
01
01
01
01
01
01
13 ]

01
01
01
01
Q1
01
01
0l
01
01

01
[}
0]
0l
01
01
01
01
01
01

01
3 }
o1
0l
01
01
01
01
01
01

P51 (D)

6. 75094380
7.19182130
764303540
8,1050114D
8,5733505D
9.0868319D
2,5234 100D
1.00010200
104775810
1.0951003D

1.1419191D
1.1828998D
1.22621330
1.265T888D
1.3075769D
1434954080
1.39165220
1.4333883D0
1.4762330D
1.5186702D

1.56118860
1.6037782D
1.64643070
1.68913910
1.73189740
1.7747003D
1,8175434D
1.8604228D0
1490333510
194627740

198924690
203224140
2.0752588D
2411829720
216135490
Z2+2044305D
2424752270
2.29063010
2¢3337518D0
2.3768868D0

FLOW ANG. {D}

0,0

2+22664950=01
4,55128270=01
6,96049490=01
Fu44010040=01
1.19751120 0¢
1.45497110 00
171472770 00
1.9750382D 00
223408170 00

2.4899576D 00
2,7130431D 00
2+93682560 00
3.,1608768D 00
3,3R496450 00
3.6089397D 00
3.8327349D0 00
4,0563007D 00
427961370 00
4,5026636D 00

4,72544900 00
4.9479737D 00
5417024500 00
5.39227220 00
S.6140656D 00
5.83563610 00
44,0569948D 00
6.,2781524D 00
6449911950 00
6471990630 00

6,94052240 04
T«16097710 00
T«38127900 00
T.60143630 00
T.82145680 00
8,04134760 00
8,2611156D 00
B.48076710 00
8,70030820 00
8,9197445D 00

XN

49,2485811
49,3792292
49,5089554
49,6375964
49,7650329
49,8911859
50.0160153
5041395211
50,261 7444
50.3827712

S0.5027359
50,6085268
50.7162740
50.8260034
S0.9377333
51.0514789
51.1672544
51.2850733
51.4049497
51.5268977

5146509323
$1.777069]
51.9053245
52.0357158
52.1682609
52.3029789
52.4398896
52.5790137
52,7203729
52,863%897

53,0098876
53,1580910
53.3086250
53,46]15161
53.6167912
537744785
53,9346070
54.0972066
54,2623083
54,4299439%

Y{IN)

0,0
0.1498742
0.2958759
0.438062%
0,5765361
0.7114338
0.8429233
0.9712002
1.0564877 -
12190380

1.3391346

1.4435809
15498143
1.6566718
147645834
1.8735762
1.9836762
2.0949092
2.2073009
2.3208175

244356654
2.5516916
2.6689836
2,7875693
2.9074775
3.0287375
3.1513718%9
3.2754324
3.4009291
3,5279008

3.6563T99-
3.7863997

3.9179939%

#,0511971
44, 1B0044T
443225728
4,45008]182
4.6008105
427426121
4+,8862385

£9-84-41-0d03V



il

MACHS

CHARACT 21
POINT

-
SOV NI B WY~

bt e g
U e

CONTOUR

INTERMEDIATE LEFT CHARACTERISTIC

X

Feall17590=01
9.42122380-01
9. 4493B240=0]1
G 4H084TEV=0]
F+¢5]1418460=01
F.5486697U=0]
P+5RABTZIV-01
9.6195]230-01
9.65538930-01
D+6913571U-01

9.7273033u=-01
9.T76314040-01
9.79840110=01
9.83623440-01
98694052001
Fe42931u=01
9.9388928U=01
F.97321460=01
1.00072860 00
L.pn41151uv 09

100548740 00
1.01047690 00
1.01353790 00
le01667200 00
1.01988030 00
1.02316330 00
1.02052140 00
1.02995500 00
103346430 00
1.037T04940 60

1.04071060 00
104444800 00
1.05826190 00
1.0521525u 00
l.05612000 00
l.0601647T0 00

1.,04964940 00

0.0

4469664590=03
1.10496750-02
1.78473630~02
2+47331730-02
3,15480190-02
3,82144980=02
4,4695)780=02
5.09732340=02
5.70440310=02

6.29091390+02

"6.85741040-02

T+4046A4270=02
7.93367230~02
8.44542750=02
B849410A270=02
F.42185250=02
9.88901530~02
1.0344023D=0}
1.07883150~01

1.12235360=01
1+16038090-01
1.1988226N=01
1.23770300=01
1.27703810-01
1.31683920=01
1,35711580~01
1.39787540=01
1.43912520=01
1.48087190=01

1.52312190=01
1.565A8180=-01
1.60915830~-01
1.6529583D0-01
1.69728R9D-01
1+74215760=01

146247TRED=01

MACH NO,

1.0847778D
1.0905075D
1.09887870
1.10864610
1.11943270
1.13102940
1.14329540
1.1561254D
1.1694342D
1.18314950

1.1972071D
121154810
1.2261LE770
1.24086340
1.255T73430
1.27068080
1.268565420
1300605640
1.3154898D
1.23025710

1,34486160
1.35765970
1.3705828D
1.38361130
1.39673060
1.4099297D
1.42319970
1.4365340D
1.44992720D
1.46337500

1.4768742D
149042230
1.50401740
1.51765800D
1.53134310
1.5450721D

1.5088820D

00
¢o
00
00
00
0Q
00
09
L]
00

00
09
09
G0
00
a0
o0
oy
o0
00

90
o0
00
00
00
00
a0
a0
vl
oc

a0
0o
Qo

0o
0o

00

MACH ANG. (D)

671977220 01
6.,6491982D 01
6,5%079200 0}
6.44223650 01
6,3292125%0 01
6,21471430 01
6.10053030 Ot
5,98779190 01
S.87723700 01
5,.,76935540 01

5.,66447350 01
5.562807%0 01
5,46449850 01
9.369634230 01
S5.27826520 #1
Se19941430 0}
S.10608700 01
$,02527120 01
4494794640 01
%.,874084060 0}

4.80365000 01
4,7439335D 01
4468542650 01
4.6281692D0 0]
4,57217390 01
4.5174352) 01
4446393640 01
4,4116531D 01
4.3605560D 01
4,3106126D0 0}

4,26178860 01
4.2140488D 01
4.16735T6D 01
4,1216796D 01
4,07698010 01
4.03222520 01

P81 D)

1.0529074D
1+1573065D
1.31469870
1450515240
1.7233478D
1.9663934D
2023221590
2451906560
2482531990
341493948D

3448970260
3484463170
4421253680
4459173890
498052510
54371719480
5+77986620
©.1868830D0
6459642320
7.00670770

71.4159665D
T. 77720450
Bela421460
B.51629830
8.8928936D
927353190
9.6578149D
1.0045399D
1+0435986D
1.0829314D

112251520
1416232940
120235570
1.24257780
1.28298100
1+32355190

o0
40
a0
00
(Y
40
'}
0
40
¢0

00
o0
o0
00
o0
00
0o
oo
00
00

00
o0
00
00
00
a0
00
0l
o1
o1

01
0}
01
01
0l
01

FLOW ANG. (D}

0.0

543009134002
1.3%602210-01
2438991450=01
3.61096500-01
5.00745270=01
6,56988400=01
8,28913230-01
1.01557780 00
1.21598510 00

1.42907230 00
1.6537065D0 00
1.8A868140 00
2413271990 00
2430447150 00C
2.6425156D 00
2.90536200 00
3.17145190 00
3.43915990 00
3.,7067953D 00

3.97260230 00
4.20572910 00
44+44086530 00
4.67T40380 00
4,91490730 00
S.1530474D0 00
5439157290 00
5463028900 00
5486904370 00
6,10T71870 00

6.34622120 00
6,5A447920 00
6,82243690 00
7.06005170 00
1.2972913D0 00
7.53413210 00

A{IN}

47.2325420
47.2821613
47,3518550
47.,4297324
47.5122430
47.5975949
47.,6847242
47,7729330
47.8617301
47.9507518

48,039T7199
48,1284183
4A,2166797
48,3043787
48.3914278
48.,4T17T766
4845634121
48,6883600
48.7326871
48.8165045

48,8999711
48.9739616
49,0497226
49.1272938
49,20069%6
49,287955]
49,3710703
49,4560528
49,5429083
49,6316417

49,7222577
49,8147608
49.9091562
S50.0054492
50.)036461
50.2037536

Y (INY

0.0

01161943
0.2734837
044417291
0.6121556
0,7808257
0.9458236
1.1062204
l.2616072
1,4118618

1.5570255
1.6972356
1.8326876
1.9636145
2,0902759
2.212952%
243319449
2eh4T5144
245601856
246701496

2.7778684
2.8719875
2.9671322
J+0633628
3.1607185
3.2592280
3.3589140
3,4597957
3.5618906
3.665215]

3.76973855
3,AT56179
3.9827290
4,0911356
4,2008556
443119073

£9-84-41-003V



MACHGSS

CHARACT 3]
POINT

11
12

31
CONTOUR

SLl

INTERMEDIATE LEFT CHARACTERISTIC

X

9.14718090=01)
9el15711220-01
Fe17162560=-01
%,18853930-0]
Fe20T14500=01
Ge22702420=01
Fe24T88370~01
Fe26950050-01
F.29169780~01
9+31433170=01

9+33728400-01
943604578001
9438377500-01
9,407]1 T440=01
9.543051140=01
4540573001
9,47749990~01
9,5009435U+01
9+524%116U-11
945479440001

F257160230=01
2.49893690=01

Y

7+56095150-02
7+91859510=02
84405184T0-02
8,92881310=-02
9.462173230=-02
9.99262960=-02
1.05137480-01
1.10221810=-01
1415162560=01

141995264001

1.24590810-01
1+29079520=01
1+3342374D-01
1.37630250-01
1.41707310+01
1.4566442D~01
1,49512320=01
1,53262980-01
1456492974001
1.60527350-01

1464072230=0]

MACH ND.

1.03683250
1.0419215D
1.0493890D
1.0581302D
1,06781060
1.07826340
1,08930190
1.10089080
1.11293260
1.12536110

1.,1381177D
1,1511485D
1.1644030D
117783350
1419139370
120503890
1.21872540
1.23241050
1.24605260
1.2596105D

1.2730445D

1+52941900=01 "1 +23123%0D

00
09
00
0o
00

00
00
90
00

a0
00
00

oo
(1]
0o
(]
[
g4

00
o

MACH ANG, (D)

T,46823080
7.36918210
T«235}17030
T.0920033D
6.9471134D
6.80383530
6,66381920
6,5279051D
6,396%1230
6.,2698301D

6414791890
6,0307652D
5,9183140D
5.8104855D
5.707187AD
5,60832050
S.51378230
S+42348698D0
S.33728030
5425511210

S.17686560

o0
a1
01
13}
01
01
01
01
01
01

0l
01
01
01
0]
o1
01
01
01
0l

01

PSI (D

3.1075561D=01
347611438D=01
4.4 FBERIZTD=D]
6,0787366D~01
1.6122731D=01
9.3735763D=01
1.1351087D 00
135339030 00
1.59090710 00
184654810 00

2.11896060 00
2.40877370 00
2. 70855290 U0
3.02281170 00
3.3480183D 00
3,6826068p 00
4,0249877D 0O
4,37355T4D 00
4412670930 00
508284540 00

S+4403835D0 00

FLOW ANG. (D}

2.5352757D-01
3,0600126D=0)
3.8799191D-01
4259078166001
6.12346590=01
71.51554850=01
9.07491690~01
1.0792767D 00
1,26595980 00
1.,46669700 00

1.6803405D 00
1.90583670 00
214202100 00
2,3R76649D 00
2.6414727T0 00
2.90208598 00
3416808560 00
3,437993%0 00
3.Ti02769D 00
3.9A8334740 00

4425556470 00

X{IN}

46.6038946
46.628475]
46,6043962
46,7062582
46.7523082
46.8015100
46,8531380
46.90664604
46,9615796
«T7.0175993

47,0744071
47.1317633
47.18%94T62
4T7.26TIRBT
4743053961}
47,3634256
4T.4216470
4T.4TTIT
47.5379552
4Te5957989

47.6543542

Y {IN}

1.8713647
1.9998829
2.0803157
242099157
2.3619244
244732144
2,6021932
247280323
2+8503177
2.96887647

3.0836706
3.1947680
3+3022891
3.4064020
3.5073107
3.60525046
3.7004875
3.7933180
3.8840716
3.9731140

440608510

£9-84-H1-043Y



911

MACHS

UPSTREAM CONTOURs SMOOTHED

DG RO e

—

X

0,8933835%
4,898]1780
0,903]1363
0,9082511
009135380
0,9189965
0,9246596
0,.9395367
0,9366783
0.,9431175

0,9698937
0.9570730
049647004
0,9728364
0,9815448
0.9908919%
1.0009363
1.0117627
1.,0234319
1,0360337

1.0436494
1.0586537
1,0715645
1.,0863627
11024792
1.1196438
1,1376982
1.1565561
1.1751470
141964348

1.2173753
1.2389450
1.2611122
1,2838486
1.3071231
1,3309005
143551440
1.3798149
l.4048689
1.4302636

1.,4559664

MAXs ABSOLUTE ERROR =

50 TIMES WITH FACTOR=0,.85

¥=CALC

0.1512190
0.1%12317
0.1512714
0,1513406
021514422
0.1515789
Ny1517547
0.151973)
0,1522399
0.152560%

0,1529430
0.153395%
0.,1539274
0.1545491
0.1552720
0.1561084
0.1570703
0,1531731
0,1594306
0.160A5%91

0.1624T49
041635797
041652082
0,1671320
0.1692874
0.1716423
D,1741740
0.1768682
0,1797114
0.1826928

041858020
0.1890300
0.1923669
021958053
041993364
0.2029516
0,2066430
0.2104020
0.2]142226
0,2180949

0.2220140

Lo U]

0+1532190
0.1512316
0.,1512712
041513403

0ul514422

0,1515787
0.1517%39
Ue151972¢
0.1522387
0415259592

041529419
0,1533942
0,1539264
01545491
0.1552734
4.1561105
01570737
0.1581767
0.1594343
0.1608628

0.1624779
0,1635826
0.1652117
0.1671300
Uel1692926
0.1716478
01741802
0.1768133
0.,1797158
041826961

0.1858043
0.1890304
0.,1923672
0.1958053
001993364
D.2029521
0.2065430
0.2104928
0.2142226
0.2180949

0,2220144

DIFF

0,0

0,000000)
0,0090002
0,0000002
0,0000000
0,0000003
0.0000009
0.0000005
&,0000012
0.0000017

0,0000011
0,0000014
0,0000009
0.0
=0.0000014
=0,0000022
«~0,0000035
«0,0000036
=0,0000037
=0,0000036

-0.0000030
-0,0000029
-0,0000036
~0,0000040
~0,0000052
-0,0000054
-0,0000061
-0,0000051
~0,0000044
-0.0000032

~0.0000022
=-0,0000004
=-0,00000u4

0.0

0.0
=0,0000005

0.9

0.0

0.0

0.0

0,0

641268970=06 AT POINT 44

p—
SOE~NF U W~

—
[ e

£€9-84-41-003V



L1l

MACHS

LAST
POINT

SORNTWN & W —

—

INTERMEDLIATE RIGHT CHARACTERISTIC

x

1.1406830u0 00
113413130 00
1412751270 00
1,12082370 00
lel]406440 00
la1072367+ 00
1410034390 00
109339080 00
108618400 QO
1.07933180 00

1.07224460 00
1.065%13500 00
1.0-5801900 0O
1.,05091700 00
1.04385590 00
103687300 00
1.03002240 00
1,02338880 00
1.01711680 00
l.01149480 00

10076874 00
1.0012RST0 00
S 3539551U=01
9.89773480=0}
9+84435]13U=01
9,79356466U-01
P, 74514720=01
P.A98966%U=01
Fa65479390=01

0.0
£.96135430=03
1.00117670~02
1.51571300~02
2,04022610-02
2457509600-02
3,12060160=02
3,67691680=02
42 24409860~02
4,82206520~02

5,41056060=02
6.00909T0D=02
6.61686470=02
7.232589)0-02
748542567002
He47891860=02
9,10157930=02
9,71421470-02
1.03025340=01

- 1.08375950=01

1.12235360-01
l1.18284240=01
142412624D=01
1.2976290D~01
1.35197670-01
1.40436270=01
1445486970=01
1.50350810~01
1.55071430=01

MACH NO.

1+6601538D
1.64318410
1.625R5030
1.,60823410
1.59041490
1.57247050
1.55447690
1453650840
1.5184381D
1.50093810

1.248348050
1.46633T77D
1.4495844D
1.43329920
1.41756A2D
1.4024901D
1.38818630
137482020
1436264220
1.3%212270

1+344R6160
133402770
132419270
1.31528290
1.30722610
1.29995200
1.2933924D
1.2874818D
1.2821582D

00

MACH ANG,. (D)

3,7028665D
3,74R6504D
3,79564810
3,84477020
3.,89%9195D
3.94A9885D
4,00385770
4,0603927D
4,11544130
&,1778292D

4,23835570
4,2997869D
4,3618467D
4,4262068D
4, 48645710
4,5480961D
4,60845750
4,86661820
4,72116790
4, 76954660

4,80365000
4 ,85565720
4, 90408450
4,949000R0
4,99050870
S, 02RT4090
5.0638560D
5.0960326D
S.l254022D

01
01
41
01
01
01
0l
01
01
01

01
01
ol
01
41
o1
01
a1
0}
0}

o1
o1
01
01
ot
01
0}
01
01

PST (M)

166373790
161367180
1.56247130
1.5103990D
1.4576790D
140458700
1.35136010
Le2Y824110
1424547000
1419328410

1414191910
1.09161070
104259740
F2921 24980
949454920
9.05878230
04741720
d.26501220
T+9184507D
T+62063550

7.41596650
7+11205220
6.83776920
6459070290
6436851820
6.1689727D
5,9899283D
$.42936260
9 ,68538460

FLOW ANG. (D)

0.0

2.5022628N0«01
S405245030=01
T+63015230=01
1.02155670 00
1.,27R9RBTD 0O
1.5335178D 00
1.TA34439D 00
2.02T715750 00
2.26313R70 00

2.48995760 00
2+70626910 00
2+931080960 00
3,1023%000 00
3.27988490 00
3.44221320 00
3.58830090 00
371699670 00
3,8268534D 00
3.91535%30 00

3.9726023D 00
4.05148220 00
4,11540370 00
4.16599000 00
4.20474180 00
4,233028AD 00
4.2520837D 00
4426299670 00
4.26671080 00

X(INY

52,1966126
52.0344692
5148706443
51.7050870
51,5377939
S51.3688057
51.1982064
51.0261121
50,8526913
50.4781476

50.5027359
50.3267714
50.1506482
43.9748T707
49,.8001059
49.6272753
4944577215
49,293537¢
49.1383024
484.999155%

48.8999711
48,T7464767
48.6004446
48,4615445
48.3294183
43,.2036747
48,00838852
47.,9695414
47,.8602565

v {IN}

0.0

0.1227954
0.2477951
0,3751448
0.5049633
0.6373462
0.7723609
0.9100511
1.,06804308
1.1934798

1.3391346
1.4872747
1.,6376996
1.7900937
1.9439688
7.098565]
2.2526760
244043057
2.549%170
2+6B23466

2.7778684
2.9275806
3.0721723
3.21168158
33661946
3.4758520
3.6008587
3.7214882
31.,8380827

€9-84-41-003V



8Ll

M ACHGS4 UPSTREAM CONTOUR
RC= 6.000000 ETAD= 8.6700 DEG AMACH= 2.2BT7H437 BMACH= 3,0821543 CMACH= 4,0000000 EMACH= 1,65601538 GMACH=  2,28T78437
wWALL
POINT X ¥ MaCH NO. FLOW ANG. (D) WALTAN SECOIF
1 8,9338351u=-0t 1,5121903D0=01 1.0471638D 00 0.0 0.0 110215410 00
2 B.9A178030=01 J.51231700=0F 1.06260270 00 3.0245925D0=01 5.2789508p~03 1.09963210 00
3 9,03136290=01 1.51271390=01 1.07862930 00 6,14416450-0]1 1.0724001D-02 1.0968392D 00
4 9.0829111l0=01 1451340590=01 1,09523000 09 9,32389910=01 1.63270840=02 1.0926953D 00
5 9.13%380LU=01 1.51442200=01 1,11249320 00 1.2653979D 00 2.208R951D~02 1.0A558260 00
f 9,18996460=01 1,51578940~01 1,13035520 00 1,6033225D 00 2+79905630=02 1,07515640 00
7 9,24059570=01 1.5175473D0=01 1.14R95920 00 1.9498158D0 00 3,4043849D0=02 1.06072050 00
8 9.305366B0=01 1,51973130=01 1.16823050 00 2.,30364950 00 4,0227947D=02 1.04264T40 00
9 9,3667828u~01 1.%2239870=01 1,1883589D 00 2.6663346D 00 4.65699410-02 1.01916460 00
10 9,6311TaB0=01 1.52560930=01 1.2093556D U0 3.03621740 00 S$.3041650D0-02 9.87911420=01
11 9,4989369U=01 1.52943060=01 1.,231239900 00 3,4115784D0 00 5.9613744D=02 9.,49521990~01
12 9,57073000=01 1.5339554D=01 1.25411900 00 3.7917793D 00 6.6275817D=-02 9.03059030=-01
13 9.64700380=01 1,%3927370=01 1.27794330 00 4.17302210 00 7T.29620510=02 B,4T222460-01
14 9.72783636U=0]1 1.,56549070=01 1,30267850 00 4,55114850 0¢ 7T.96000090~02 7,84099510-01
15 $,815644830=01 1.5527196D-01 1,32R34690 00 4,9228566D 00 8.61321100=02 7T.17491700-01
16 F,90891A90=01 1.9610837TD-01 1.35503990 00 5,28547690 00 F25110440=02 6.50534180=01
17 1.00093630 00 1.57070280~01 1.,3829208D 00 5,636B754D 00 9.8700684D=02 5.86440400=01
18 1.01176270 90 1.58173100=01 1,41208730 00 5,97724410 00 1.0470270D=01 5.24740310=-01
19 1.02343190 00 1.5943960D=01 1.4427244D 00 6.30294810 00 1.10453110~01 4,.64101300=-01
20 1.0360337T0 00 1.60859120-01 1,474%4090 00 6,6117213D0 00 1.1591127D=01 4.0788&671D-01
21 1.06964%940 00 1.62474R890=01 1.50888200 00 6.9045359D 00 1.21093620=-01 3.53098110~01
22 1.05865370 00 1,63579650~=01 1,53088170 00 7,07475540 00 L.24109170-01 3,19092190-01
23 1.07156650 00 1.6520817D=01 1.,5618623D 00 T.29060210 00 1.2793624D-01 2,79735690-01
2% 1208636270 00 1.67131980=01 1.5966017D 00 7.5078996D 00  1.31792760=01 2,43425290=01
25 14102647920 00 1,69287440=01 1.6335898D 00 7.71176190 00 1.35414350=01 2.0780700D=01
26 1411964380 00 1,71642330=01 1,6720611D 00 7,89498270 00 1.38672210=01 1.74143200-01
27 1.11769820 00 1474174030-01 1.71161100 00 8,05494640 00 1.4151890D0=01 1.44306350~01
28 115655610 00 1,76868250=01 1.7519140D 00 B8.1929694D 00 1.43976950=01 1.17715950=-01
29 117614700 Q0 1.79711420=01 1,79283120 00 8.3079571D 00 1.4602606D=01 9.38496700=-02
30 1419643480 00 1.82692840=01 1,R3415150 00 8,4020831D 00 1.47704300-01 7.37369280=02
31 1.21737530 00 1.8580201D0=01 1,A37581240 00 £.4777598D 00 1.49054190-01 5,6290407D=02
32 1.23894560 00 1.89030000=01 1,91764070 00 B8.53562980 00 1.500846810=01 4.18915450=02
33 1.26111220 00 1.923666870=01 1.95959490 00 A,58002320 00 1.SUB7IL7D-01 3.0945)14T70=02
k13 128384860 00 1+9580533D=01 2,0015440D 060 8,6131638D 00 1.51470800=01 2.1778656D=~02
s 1.30712310 00 1.9933644D=01 2.0434024D 00 8.63589180 00 1.5187660D~=01 1.45122710=02
36 1433090050 00 2.02951570»01 2.08509680 00 8.65123930 00 1.52150650=01 9,4814587D-03
37 1.35514400 00 2.06642950=0F 2.1265044D 00 B.6612814D 00 1.52329980-01 5.74761310=-03
38 1.37981490 09 2.1040276D=01 2.16755280 00 B.665690Z8D 00 1.52430370=01 <.91359480=03
39 1.40486890 00 2,14222570=-01 2,2081710D 00 8,66934390 00 1.524T7397D=01 1.04252170-03
L34 1.,43026360 00 2.18094870«01 2.2482849D 00 B.6690209D 00 1.5248249D=01 2.30580180=04
41 1.45596640 00 2,2201404D=01 2,287843TD 00 8,6700000D0 00 1.5248569D=01 0.0

£9-84-H 1-003V



6ll

MACHS

RC= 6.000000

POINT

SR NPBE W

UPSTREAM LOUNTOUR

ETAD= 8,6700 DEG

x/YQ

0.0

0,0317058
0.0644944
0.0983183
0,1332802
0,1693765
G.2068262
0.2456911
0,286303]1
0.3288870

4,3736976
0.4211738
Ge4716131
0,5254157
0.583004)
0,6448156
0.71123496
0.7828325
0.8600004
0,9433346

1.0333747
1.0929194
1.1782974
1.2761568
1.3827342
1.,4962419
1+615634%
1,7403406
1.8698934
2.0040550

2.1425332
2.285175%
24431762]
2.5821161
2.7360259
2,8932668
3.0535872
3.2167339
3,3824143
3.5503471

3,7203183
~284377

Y/Y0

140000900
1.0000838
1.0003463
1.0008039
1.0014758
1.90023801
1.003542%
1.0049858
1.0067508
1.0088739

l.0114008
1.0143931
1.0179100
1.0220213
1.0268017
1.0323328
1,03858930
1.0459867
1,0543025
1.0637492

1.0744341
140817401
1.0925091]
141052311
1.1194850
141350577
1.1517997
1.1696163
1.1884180
1,2081339

1.2286946
1.2500411
L12721076
142948458
1.3181968
1.3421034
13665142
1.391377%
1,41663T6
14422449

1.4681620

AMACH= 2,2878437

INTY/ YO

120000088
1.0000929
1,0003562
1.0008144
1.0014864%
1.0023%03
1.0035516
1.0049957
1.0067572
1.0088791

1,0114059
1.01439%8
1.0179204
1.0220373
1.0268248
1.0323620
1.0387293
1.0460258
1.0543411
1.06378%3

1.0744669
1.0817717
10925435

1.1052701"°

1.1195301
1.,1351040
1.1518474
1.1696609
1.1884549
1.208163%

142287147
1.2500631
le2721171
1.2948518
1.3182015
1.3421088
1.3665203
1.3913815
1.4166393
1.4422444

1.4681620

BMACH= 3.0821543

PAR/YY

19000000
L.0000838
1.0003468
10008055
1.0014803
1.0023%07
1+0035648
10050303
1+006830%
1.0090139

1.0116375
140147823
1.0185349
1.0230051
1.0283245
1.0346489
1.0421550
1+051068%
1.0616334
140741567

1.0885886
10995394
1+1156987
141357167
1+1593295
1+18656}16
122175230
1,2523988
1.2913751
143346864

143825374
144351691
144927889
145556103
1.6238212
1.6975827
1.7770329
1.8622814
1.9533938
240504137

2415633973

HYP/YOQ

1.0000000
1.0000838
1.0003466
l.0008052
l.00l4792
l.0023878
1.0035584
1+0050178
t.0068077
1.0089736

1.0115706
10146746
1,0183662
1.0227464
1.0279343
1.0340686
1.041302]1
1.0498275
1.0598428
1,0715938

1,0853466
1,0950246
141096835
1.1275768
l.1483288
1.1718034
1:19792341
1.2267019
142580740
1.2920421

l.3285812
1.3676031
1.4091053
14530040
1+4992139
1.,5476322
1.5981445
1+6506250
1.7049304
1.7609166

1.8184594

CHACH= 4.0000000

cmn

=9.027028D=04
143356690-03
1.755874D=03
1.894462D=03
2+183T070~03
245140290-03
24936302003
3.4143290~-03
3.935851D=-03

4,536391D-03
5,208751D=03
5.9572190=03
6.7826680=03
7+684559D-03
8.6387150-03
9,6200600~03
1+059354D02
14152555002
1+239789D-02

1.318935D0~02
1s3634470=02
le417519D=02
1+4667420=02
1.507135D~02
1.%37570D=02
1.5584390=02
1+570491D=02
145747290-02
1.572322D=02

1e564207D0=02
145513620=02
14534625002
1.5146810-02
1+4921960=-02
1+4677390=02
l+4417900=-02

l44147730=02

1+387065D=02
1+3589760=-02

1+330759D=02

EMACH= 1,6601538 GMACH=  2,28T78437

cuvn)

=2.852807D0-01
~3,5499110=-02
-9,341050D-03
=2.5754650=03
8,706624D=-05
1.4830450~03
244013550=-03
3,1406260-03
3,7885620-03

%,4381390=03
5.1187970=03
5.8581470=-03
6,6726340-03
7.5681880=03
8,5300620-03
9,5216590=03
1.,051204D=02
14 146473D~02
1,235492D=02

1.315968D-02
1,3610260=-02
1.4156420D0=-02
1,4648660=-02
1.5054300-02
1.5361890=-02
1.5573080~-02
1,569645p=-02
1.5741650=-02
1.571955D0=02

1.5640030=02
1.5512610=-02
1.534559D=02
1.514646D=02
1.492173D=02
1.467Ti70-02
la#41T769D=02
1.4147610=02
1.3870600=-02
1,3589770=02

1.330759p=92

Clyr)

1.7714580=03
2.0086530=-03
24045023D0-03
24334730003
2.7752710=-03
3,328814D=03
39790320023

%,6665920-03
54463341003

6,3711370=03
74365824003
8,4527150-03
622585003
1.0822250~02
1.1991490=02
1.3072830=-02
1.401668D0=02
1.481R94D-n2
1.5674430=02

1.5961940=02
1.619736D=02
1.643316D0-02
146558440=02
1,656967D=-02
1.6482700=02
1.631418D=02
1,6076830=02
1.578939D=02

145462640-02

1.510636D=02
1.4730920=02
1+4340970=02
1.3942720=02
1+3542350=02
1.3143020=p2
1.2747970=02
14236036002
1.198239%0~02
1.1615580=02

1+1260630=02

£9-8/-41-04Q3V



0zl

MACHGE &

DOwNSTREAM CONTOURs

ND. OF POINTS ON 1ST CHAR. {M

GAMMA= 1.4000

BMAC
CHaC
Cl=

AMAC

"XA(IN)E 80.0000000, YA(IN)}=

M= 3.08215
Hz 4400000
3.0R2]1543

INFLECTION ANG. (ETA)=

BMP=
CMPz

cz=s 2,

HE  2.,2878437 XAz

AXIS
POINT X X (IN}
1 2,13985% 76.92639%
3 2,23309 79,23414
5 2,32633 8],54190
7 241957 B3,84966
9  2,51282 B6,15742
1l 2.50606 B8,46518
13 2,69930 90.T7294
15  2,79254 93,08070
17 2,88578 95,38B46
19 2497902 97,69622
2l 3.07226 100,00398
23 3.16550 102,31174
25  3.25875 1064,561950
27 3435189 106,92725
29  3.44523 109,23501
31 3.53847 111.54277
33 3.63171 113.85053
A5  3,7249% 116.15829
a7 3.81819 118.46605
39 3,911s4 120,77381
41  4.00468 123.08157
43 4,09742 125.38933
45 4,19116 127,69709
4T  4.260440 130,00485
4% 4,37764 132.31261

MACH NO,

3.,082154
3.17185¢0
3,2574657
3,338713
3.415394
3.487317
34554341
3.616362
34673317
3,725185

3771982
3,813767
3,850637
3.882729
3.910222
3,933335
3.952324
3.967488
3.979165
3.987734

3.993613
3.897260
34999175
34999895
4.000000

4TH-DEG AX]Al, MACH NUMBER DISTRIBUTION

1= 41 NO«

0,98284937
9.0
19941261

1. 4559664

OMs0X

9,828494D-01
9,4055420~01
8.9522330=01
8.4728650~0]
T49717360=01
Te453167D0=01
64921396D0-01
6.3807820=01
5.83%6030=-01
5.290160D=01

4, T487500~-01
4,2156730-01
3.6952280=01
3.191i7140+01
2.7094300=-01
24252675D=01
1.8257470=01
1.4329460=01
1.078570D=01
7,6691950=02

Se022924D=-02
2.8898800-02
1,3130510=-02
3.3542760~03
=k 16T4440"15

OF POINTS ON AXIS (N)}= 49

8.6700 DEGREES

BMPP=

CMPP=

C3= =1.,091163%0 00

XR=

2.1398501

=4435793230=01

Gad

RAD.

xBC=

OF CURV, (RC}=
BMPPPE «3,986

CHPPP=  T,.88]

Céx =7,4452744D=01

2,2311922

6,00000000
32510-01

17500=01

C5z 5,54124370~01 C6= 0.0

XC= 4,3776423

SMPPP=

NQ, OF POINTS ON LAST CHAR. [NP}z 61

SCALE FACTOR {SF)=

SHPPx -4,.,35793230=01

5432839300~-01

xXp= 6.2945435

24.,750386

5.4949332, XB(IN)=

D2MsDx2

~4,357932D0=01
44 T045700=-01
=5+0091010=01
~522655270=01
=5.4758460=01
=5.6400600~01
=5+758168D0=01
=5+8301700=01
=54+8560660D=01
~5.8358560=01

=5.7695400=01
=5+6571190-0]1
=5+49685910=01
=5.2939580=-901
=5+0432180=01
=44 7463730-01
=4 44034220-0])
=440143650+0]
«3.579202D0=0)
=3.0979330=901}

=2+5705580=0]1
=1.9970770=01
»1.377491D=01
«7.1179840=02
=440303100-15

03M/sDX3

~3.9863250=01
=3,49]18460=01
=2.99736T0=01
~2,502868D=01
=2.0084080-01
-=1.5139290=01
=1¢0194500=01
=5.2497090=02
=3.0491730~03

44639874D=02

Fe5846660=02
1.4529460=-01
l«3674250=01
Z2e44615040=-01
2.9363830=0]
3.4308620~-01
3.9253420-01
4.4198210-01
44914300D0=01
S+4087790=901

S.9032580=91
6,397737D=-01
6.8922170~01
7+386696D=01
7+8811750=01

T6.92638524 XC{INI2 }32.312605Ty XD{IN)z 179.7566517+ YO(INI= 12.2500000

WxQ/Aw

l.982672
2.0020]2
2.019476
2.035208
2.049344
24,062011
24073325
2.083394
2+092316
24100182

2107072
24113070
2+118250
24122651
24126365
2+12%441
24131939
2.133913
24135422
24136523

2.137276
24137741
2,137985
2e138077
2+138090

gw/nDx

2.1801940=01
1.9709000-+01
1.7775830=01
1.5993300-01
1.435139D0=01
1.2839760=-01
1.1448210=01
1.0166960=01
8.9869260=02
T.8997770~-02

6.8980900-02
S.9753750=02
S.1261140=02
44345776002
3,630828D0=-02
2.9787330=02
24387954D-02
1.8579420=-02
1+3891300~02
9,8290820-03

6,4159220-03
3,68356340-03
1.6718720=03
4,269151D~04
=5.3037920~16

02w/DX2

~2,3331610-01
=2.1574680-01
*1,9907840D~01
=1.8344910=01
=-1,6892130~01
=}+5550170-01
=1.4315760-01
~1.3182830=01
=1.2143530-01
=1.1188780~01

~140308730-01
=9,4931120=-02
=-8,7313980=0¢
~8.0129370~02
~T+3270270=02
~6,6629610=02
~6.0100670=02
=5,357763D=02
-4.,6956320~02
=4,0135520=02

=3,301876D=-02
=2,5516940-+02
~14,755176D=02
=9,0602230~03
=T1.674610D=16

R3W/DX3

1+9250830-01
1.8392550=01
1.7336500=01
1.617701D=01
F+4983750-0]
1+380698N0-01
1.268202h=~01
14163301D=01
1.067592D=01
9.820936N=02

9.0T42350-0¢7
Re4393700-02
T+9182270=02
T+5116A90D~-02
T7.2200290«02
T.0430R40D=02
6+9802270~-02
T«030152n=02
Te1904850=02
Te45T2240~=02

T.B240130~02
8,281264D=02
8.8151680=02
F+4066]180=02
1.0030160=0]

£9-84-¥1-003V



A

MACHS

CHARACT 1
POINT

DU NFR S WY~

—

4]

DOwNSTREAM CONTOUR

X

2413985010
2,]11846200
2409349230
2207093130
2.04876960
2.02699830
2,00960850
1.,98659170
1496393950
1.94 366390

1.92369700
1290609120
1.8R48191u
1.86587340
184724710
1.8289334u
1.8109255V
la79321720
1.77580190
1. 75867370

1eT4182650
1.7292546U
1.70895220
1669291400
L+67T1 3440
166160830
14633070
1.6312964U
1+6)65%0080
1460193910

1.58760870
l.57349920
155961220
156594140
[ +53248280
1.51923220
1.5061858D
149333970
148069020
1446823360

145596640

40

- MASS = 049999999136

0.0

8,00661650=-03
1+28396700=02
2+35040150-02
3.10043580=02
3.83452580-~02
%+5531135D=-02
S425662760=02
5494548356D=02
£.62008470=02

T.28082170-02
T+92807410=02
B84.56220990=102
941835865D=02
P+ 79255070=02
1.03894390=01
1,09745790=01
1.15482880=01
1421108740=01
1.26626310=01

1+3203868D=01
1.37348510=01
1.42558600-01
1.47671640=01

1452690220=01 .

145761687D=01
1«6245406D=01
146720417001
1.71869550=01
1.76452460=01

1.80955]110=01
1.85379650=01
1.89728170=-01
1.94002720=01
1.98205280~01
2+02331790=01
2e06402130=01
2.10400160=-01
2+1433366D-01
241820438D=01

242201404D=01

MACH NG,

3.0821543D
3.0590621D0
3.03617440
3,01348770
2.99099430
2.96870300
2.944£59320
2.9248R07D
2.90294730
Z+ARL 346D

24B600196D
2+B838R193D
281779050
279693030
277623580
2.75570420
2,73533250
2471511820
2469505840
2467515040

2.6553917D
2463577960
P.6163117D
2+5969853D
2457779810
2+5587476D
2+539A31aD
2452106720
2250239260
2448386530

24665456320
2,44718380
2.42902520
2441098500
2.39306110
2437525150
2.3575539D
233996640
24322485690
2630511340

2.2878437D

MACH 2aNG, {D)

1.893215%D €1
1.90805790 01
1.92300670 01
1.93805800 01
}.95321980 01
1.9%484919b 01
1,9838764D 0}
1.99937510 01
2,0149903D 01}
2,0307240D 01

2.0465784D 01
2400255560 01
2.,0786580D 0}
2.,0948879D 01
211124760 01
2.12773970 01
214436670 01
2,15113110 01
2417803560 01
2,19%0830D0 01

2.2122760D 01
2,22961750 01
2424711050 0}
2.26475B1I0 01
2428256320 01
2.3005295D 01
2431865990 01}
243369%800 0)
2435542720 01
2437407130 01

" 2+39289390 01

2.411598490 01
242109030 0]
2445047220 01
2.47004890 01
24489824560 01
2.5098040D 01
252999170 0ot
2.59039250 01}
2.5710114D 01

2459185360 01

PSE (M)

513173790
5.0883879D
9.04503790
5.001638790
4.95833790
4491498790
487163790
4482828790
4478493790
%+ 74158730

4.69823790
%.6548879D
%+6G115375D
4.568)1879D0
4452483790
448148790
4443813790
4439479780
4435143790
4430808790

4426473790
4,22138790
4417803790
4413468790
4.09133790
4.04T98790
4400463790
3.96128790
3.91793790
3.87458790

3.83123790
3.7878879D
3 T445379D
3.7011879D
3.6578379D
3.6144879D
3,5711379D
2.52778790
3.48443790
3.44108790

3.39773790

¢l

0l
01

13}
01
0l
01
0l
0l
01
01

01
0l

FLOW ANG. (D)

0.9

2.16750000=01
4,33500000=01
6,50250000=01
8.67000000=01
1.08375000 00
1.30050000 00
1.51725000 00
1.73400000 00
1.95075000 00

2.1675000D 00
2.38425000 00
2.60100000 00
2,81775000 00
3,03450000 00
3.25125000 00
3,46800000 00
3.,6R6TSO0D 00
3,90150000 00
4,11825000 00

4,33500000 00
4.55175000 00
4476850000 00
4,98525000 00
5.20200000 00
S5.4187500D 00
5.63550000 00
585225000 00
6.0690000D 00
©.2857500D 00

6.5025000D 00O
6,71925000 Q0
6,93600000 00
T+15275000 00
736950000 00
758625000 00
T«8030000D 00
8,01975000 00
8423650000 Q0
8,45325000 00

B8.6700000D 00

X (1N

76.9263852
76.3475216
7S.7790116
75.22061173
T4.6721080
T4.13325%4
73.60338537
73.0836792
T245725301
T2.0702063

71.5765135
71.0912626
706142697
T0. 1453561
69,6843478
69,2310756
68,785375¢0
68,364T7085%7
67,9160519
57.4921219

67.,075147%
66.6649862
66,2616968
65,8645434
65,4739932
65,0897170
64,7]115887
64,3394858
63.9732887
63.6128808

63,258148%
62.4009822
62,5652729
62,2269161
61,8938093
6] 5658527
6].26429489

60.9250032

6046119228
603.,3036]178

60.0000000

¥iIN)

0.0

0.1981669
0,3%20379
0.581733%
0.7673698
049490593
l.1269132
1.3010356
1.4715302
1,6384965

1.8020315
1.9622290
2.1191800
22729731
2.46236941
25714263
2.7162597
2.853Z458
2.9974880
341340515

3.2680083
3,3994286
3,52838085
3.6549301
3,7721418
3.9010784
4,0208006
441383675
4,2538379
4,3672666

4.4T8T0BY
4,5882180
446950456
4,B016422
449056572
S,0079384
S.1085325
S.2074852
543048408
S+4006428

5,4949332

£9-84-H1-503V



Tl

M ACH&

UOWNSTREAM CONTOURs SMOOTHED

[=T0 iR T PN VR

-

———
Wy

X

1.4559564
1.478306%
1.5005471
1.52270:29
1.5447888
1.566R210
1.588819%
L.610R018
1.6327838
1,6547950

1.6768523
1,6989763
1,7211884
1,7435111
1.7659655%
1.7885670
1,8113487
1,8343264
1.8575201
1.8R09524

1.90464286
1,9286045
1.95287%12
1.9774%40
2.0023732
202766513
2.0532825
2.0793143
241057480
2.1326005

Z2.1598844
2,1876038
2.2157874
2,2444348
2,2735512
2.3031506
243332347
2.3633162
2.3948832
2.4268010

244584751
2.,4910016
245240006
2.5574640
2.5913777
246257145
246604786
246956345
247311606
2,7804383

2.8303081
2+8807504

50 TIMES WITH FACTOR=(,8%

Y-CALC

0.2220140
022254207
0,2288121
1.,2321903
0.2355573
0.7389156
0.2422675
0.2456153
. P4RI6NT
0,2523073

01.75565638
0.25%0114
0.2623733
02657447
0.2691277
0.2725233
01,2759349
0.2793635
01.2328101
0.2862765

0.28976326
0.2932714
0.2968028
0.3003574
0,303938T7
3075379
0.3111628
he3148122
0,3184841
0.3221780

1.3258924
0.329A247
0.3333758
03371422
03009220
023647114
e 36A5058
0.3523132
t.3561181
G.3599210

0.3637164
0,3675029
G.3712742
0.3750262
0,3787536
0.3824508
0.386115%
",3897415
043933244
.3981596

0.4028951
0.4075249

Y=IN

0.22201490
0.2254211
U.2280122
0.2321902
02355570
0.2389150
N.2422666
042450146
1,24R89647
0.2523073

0425565904
02590116
0.2623733
0,2657437
0a26921271
02725269
0.2759349
0,279363%9
d.2828102
0.2862751

N.,2897639
0.2932721
0,2968031
0,3003%92
0,3039348
04307538%
0.3111637
0.3148121
0431844853
0.3221758

0.3258930
1432962406
043333762
0,3371430
03409206
Oa384717]
J.3480108
0.3523112
0,3561184
0,3599209

0.3637192
0.367he20
0.3712173
03750226
03787554
0.3824499
0,3861174
0.3897a1l
0.3933235
0.3981670

044028965
0.,4075214

OIFF

0,0
=0.0000004
=-90,0000002

0.0000001

0,0000004

0.0000007

0.0000009

0,0000007
=0.0000010
-0,0000000

0,0000004
=0,0000002
-0,0000000

0.,0000010

0,0000006
=0.0000016

0,0000006
=0.,0000004
=0.000900L

0.0000014

=0.0000003
=0,0000007
=0.0000003
=0.0000018
00000009
=}, 0000006
=0.0000009
0.0000001
~0.0000012
0,0000022

=0,0000006
¢.0000002
=0,0000004
=0, 0900008
0.0000012
=0.0000057
=3.0000008
=0.0000039
=0.0000003
0.0000000

=¢.0000028
0.0000009
-0, 0000030
¢.0000036
=0,0000018
00000009
=0.0000018
0.6000005
0,0000010
-0,0000074

~0,0000014
0.0000035

—
SOVB NP P W

——
Wi
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£¢l

o7
o8

2e9317139
2,9831884
3.0351722
3.,0878232
J.1405382
3419392106
3,2417348
3.3019779

3,3566594
3.4117403
34672234
345231177
3.5793863
J.6360322
3.,6930612
J.7504417
3.8081853
3.8662636

3,9246796
3.9534323
440424953
441018677
4.1615486
4,2215140
4,2817672
he3422861
Aoh030717
4.4641037

4.5253768
#,5860848
4.6486081
A T10%4306
haTT26727
498349909
4oBITBOS
4.9601354
540229390
5,0858844

%41489555
Se2121447
5.2754384
543388238
5.4022929
5.4658324
545296342
5.5930872
9.6567813
5. 7205095

5.7842631
5.84B0345
5.9118183
59756089
640394017
6,1031537
641669822
62307657

04120413
Gedl64406
0.4207206
0,424878]1
0.4289056
D.632B084
043565807
Get402224

0,4437334
0.44T71112
0.450356]
0445134689
De4564483
04592957
N.4620126
044645990
0.4670572
0,4693873

G.4715%216
B.4736721
0.4756301
0.47T4685
0.479]189¢%
04807971
0. 4822935
0.4836819
0,4849655
N.,4861472

0,4872307
044882197
0.48911485
D,4R99314
0.,4906627
0+4913166
024918974
044924095
044928577
004932465

0,4935802
0.49386137
0.4941018
04942989
0,46944599
0,4945892
§.4946909
04947590
044948275
0,4948696

0,494R988
0.4949182
0.4949301
04949369
0.,4949403
Ged4949417
Db FhFa20
044949419

0.4320429
Oadl64456
D.4207173
Oe#248761
04289149
0.4328062
V44365807
0.6402325

08637302
Ued4TE113
0.4503640
04534660
0.,4564488
04593053
Qabh20117
04645983
044670598
G+4693890

0.4715896
0.4736688
044756315
D.4774722
04791889
044807957
044822915
0.4836815
Qa4 Ba9659
Ge4861492

0.4872314
044882193
0.4891186
0.4899311
0,4906628
0.4913163
044918974
UDa4924092
0.4G20577
0.4932463

0,4935509
0,49385637
De494l01]
0o 4542904
0.4944593
024945890
044945306
V4947681
04948264
N,4948687

04948979
04949172
044949293
0e 4949362
04949397
Geé9494]12
00949417
044949418

=0,0000017
=0,0000050
0.0000033
0.0
=0,0000092
0,0000022
0,0000000
=0,0000102

0.0000032
=0.0000001
~0.000007%

2.0000029
=3.0000005
=0, 0000097

0.0000008

0,0000007
=0,0000026
~0,0000017

4,0000020
0,0000033
~0.0000014
=0,0000037
0.0000010
0,00000k4
0.0000020
0.0000093
=~0,0000004
=0,0000020

=0,0000008
0.0000004

~0.0000001]
0.0000003

~0.,0000002
0.0000003
0.0
0.0000003
0.0
0.0000002

=0.0000006
0.0
0,0000006
0.0000005
0.,0000006
0.0000002
0,0000003
0.0000009
0,0000010
0.0000009

0.0000010
0,00000L0
0.0000008
0.0000007
0,0000007
0.0000005
0,0000004
0.0000001

108
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vzl

109

6.2945435
MAX. ABSOLUTE ERROR =

0.4949418

Oeé9494 18 0.0

1.0154520=05 AT POINT

40

109

£9-8/4-H1-0Q3vy



erA

M ACHS

RC=2 64000000

wWALL
POINT

4]
4p
43
44
45
an
47
4B
49
50

DOMNSTREAM CONTOUR

ETap=

X

145596840
147830650
1.50054710
1.5227029v
1.5647R8H0L
1.5A682160
1.58881961
1.6)08018u
1.63278380
1.6%479500

1.676862 30
1.69897630
1.72118840
1.74351110
1.74995550
1.78858700
1.81134870
1.83432640
l.a5752010
1.RRU9S24u

LeYneb4260
l.92860450
195207120
1.,97745400
2+00237320
2.02764630
240%328250
2:07941430
Z2.10574800
2+13260050

2. 15988440
2+ 18760381
2,2157874u
2024443480
2,27355720
2430315060
2.33323870
2.963K81620
2439638R320
2e4pblaloen

2+458475)0
2.49100160
24524900060
2+557464 00U
2459137770
2.6257/1450
2+6A04T7R6Y
2469563450
2.711 16060
2.TA043830

8.,6700 DEG
Y .

00 2.2201404D=01
00 2.2542068D~01
00 2.28812060=01
00 2.32190250=01
00 2.3%55734D=01
00 2,3891564D=01
VG 2.4226748D=01
00 2.4561528D0=01
00 2.48960660=01
90 2.5230727D=01
00 2.55656790=0]
00 2.5901)1390=01
00 Z.62373260=01
00 2.65744T00=01
00 2.69)12769D=01
40 2.7252328D=01
00  2.75934950=01
00 2.7936346D=0)
00 2,82810130-01
00- 2.86276500=01
00  2.8976357D~01
00 2493271610=-01
00 2.96802R%0=01
20 3.0035739D0~01
00 3.03935710=01
00 3.,07537910=01
00 3.11162800=0%
00 3.14812190=01
00 3.18484120=01
00 3.22177950=01
B0 J.25892360=01
00 3.2962475D+01
00 3.33375790=01
00 3.3T7142180=01
00 3.40922010-01
00 J.a4711360-91
00  3,48509R50=01
00 3.%231324D-0%
00 3.5611R05%0=01
00 3.59920960-01
00 3.63716440D=0]
00 3,67502880-01
00 3.712TapS0=0]
00 3.75026160=01
{40  3.7875364D=01
00 3.82450830=4]
00 3.8611554D=0)
00 3,89741540-01
00 3.93324420=01
00 3.98159610=01

AMACH= 2,2878437

MACH NO.

P«28TR43TD
2.3214084D
2435412350
2438604470
P+4172256D
Za%46TT1610
22467756250
7.5068080D
7453547180
2456359100

2459121850
2.618386TH
2464509500
2+6T13791D
2.6972864D
7.7228104D
274797250
2.772823%D
PeTRTAGT2D
2+RZ215632D

284551950
2486916290
2.89256480)
2.915T72990
2.93862090
296130880
2.9837327D
3,00595120
3.0279603D
3.0497246D

3.0713107D
3.09263330
3.1137755D
3.134A9%50
3.15538820
3,171588450
3.19611710
3.21616690
3,23594850
3425551570

327483130
3.29389480
3,31273860
3.3312761D
3.34960137D
3.36TH009D
3,3853741D
3.40204370
3.,42004500
3.44370040

00
Liki]
00
oo
Qo
o0
00
a0
(]
vo

00
ad
0o
oo
0
0o
]
o
o0
o0

a0
ou
00
a0

a0
oy
0

a0

0o
o0
¢o
00
oo
G0
a0
au
a0
a0

00
00
90
L]
1]
aQ

00
a4
a0

BMACH* 3,0821543

FLUW ANG. (D)

8,67000000
B.6701296D
8,6696954D
8.66881280
A,6673483D
8,66495250
8.6614505D
8,6963427D
B,64920930
B,6399281D

Be.6243194D
B.,61424330
8,59759780
8.57822260
8.5599685D
#45305823D
H8,50183320
B, 46959540
8443374300
B8,39426340

8,3511%360
8,30437660
8,2939345D
#4,19981410
B,1419288D
B.0801817D
8.01445080
TaFeeb62770
T.81072020
T« 79281640

T.71095350
T.62%21290
72534992490
744293890
T 346358540
T 24048840
7.1432346D
T.03676940
6.32T23920
6,814625a80

6,69900170
6,58037070
6.4290178D
6433518560
65420932380
6,08205860
5,9535133D0
5,.8241595D
S ..6%402950
5.61470900

0
00
00
00
a0
1]
]
on
40
o0

CHMACH=T 4.0000000

WALTAN

1+4524R9690=01
1l.524R8000~01
1.4524R0250=¢]
leb2ab4480-01
152434330=01
1.52396080=01
1.%52333000=01
1452241 790=01
keD2]114400-01
1451946867¥D=01

1.51741390=01
1451490070+01
le5119290D~01
15084 7020=01
1.50449800-01
1449996730=01
1+49433710~01
1+48508530=-01
1e44268970=01
1.4 7564850=-01

le46796140-01
1.45962240=01
1.45063290=01
1+44098890=01
1:4306T7TD=01
1.419681590-01
1040798040=it1
1 +39565450=01
1.38240630=01
1. 36855230+01

1+3539998D=01
1.33877460~01
l.3229042D=01
1.30639460=01
1.28925%00=01
1.27153790~01
1.29372950=01
1.23436040=01
L+21495700~01
1.19501690-01

lel745534D=01
1+15356780=01
1.13211110=01
1.11022660=01
1.08799420~01
1.+06552470=01
1.04285060=01
1.02002330=01
3,97 A02TH=02
9.69481%6D=02

SECDIF

0.0
=1.2304520D=04
=54 3N460054D=04
=9, 4A187020=04
=1,55133500-03
=2,39284830-03
=3,51869150=03
~4,97225660=03
=6,66159790~03
=B,4624544D=03

=1.,0377058D=02
=1,23672450=02
=1.44339310-02
=1.65A89750=02
=1.88643020-02
=2.12775650=-02
=2437701030=02
=2462974250=02
=2.8A056290=02
~3.12622490~02

~3,36181180=02
=~3.59159160=02
=3.81304910=02
«4,02971140=02
=44 24356T770=02
-4 ,4568599D=-02
=44.66810250-02
-4 ,87291550=02
=5,06592410~-02
=5.24583210=02

~5,41254710=02
=5,.56]126120+02
=5.69652240=-02
=5,A230]1480=02
«5,93567920~02
=b403616650=02
=6,12157190=02
=4H420799640=-02
~6,28181040=02
=6.35305580-02

=644 19T3460=02
-6,47685390~02
«6.52089660+02
=6,5476517D=02
~64545975180=02
~6,53313770+02
=6,50780850=02
=6,47570580=-02
=b.43892140=02
~&43R2T0660=02

EMACH= 1,6601538

GMACH=

2.2878437

£€9-84-Y1-003V



9zl

91
92
|3
94
95
94
7
98
99
too

101
102
163
104
105
106
1907
108
109
o

111
112
113
11é
11%
126
117
ils
119
120

121
l22
123
124
125
126
127
128
129
130

13
132
133
134&
135
135
137
138
139
140

141
142
143
1é4
145

2.830308]10
2+BRYTH06D
293171390
2.9R 31840
3.03917220
3.0a762320
341405387y
301939216U
3,24T7348y
3.30197730

3435665940
3041174030
3+4K722340
352311770
3,5793R8630
3+.63603220
369306120
375046170
3.80818530
3486626360

3.324067960
3.9834 3230
44042495130
4,101R6T7U
415154880
44272151400
&,2R176720
4.36228610
4449367170
Sea%410370

4452337680
4458648480
4.648508]10
4.71054360
477267270
% ,83499090
4.89T748040
4+96013540
5.0229390L
5.08588440

5414895550
521214470
5427543840
%.33882380
5.402292%0
5246583240
S452943420
5.59208729
S.6567813D
572050950

5. TB4263L0
S484803450
5.91181830
5.97560890
6403940170

00
0o
00
uo

4402895060-0]
4,07524940~0}
4.12041250=01
4,1H440610~01
4.20720630=-01
4+ 24B76H10D=01
442890561D0=0}
443260838001
44 36580T40-0]
4.40222350-01

4.43733410~0]
4¢47111210=01
4450356100-01
4453468920=01
4,56448340=0}
4459295660)=01
%e62012580=0)
4464599030~01
4467057160=01
4469387330-01

4e 7159159001
4473672060-01
4475630130-01

447746846001

4.791R8990D=01
448079709001
448229350D-01
4«B36R1870=01
4+84965480-01
4.86147200=01

4+87230570-01
4.8821973D=01
4.89118500-01
4.89931400-01
4,90662570=0])
449131663001
4,9189739D=01)
4492409550-01
4.92857730~01
4493246500=01

4,93580290=01
4,93863750-0)
8.9410176D=-0]
4494298940=0]1
4,94459940=01
4.9458923D0=01
4494690910~01
4,94769030=01
4,94827460-01
4+54869620=01

44+94898850=01
4.9491821D=01]
4,94930110=0)
4.94936860-01
4+949402340-01

3.46575960
3.48781T00
3.5093670D
3.53938690
3455087060
3.570R751D
3459040450
3.50938470
3.6279067D
3.64598720

3466301610
3.68062400
3.69T28240
3,7134107D
3,72911800
A, 74439160
3.759121%D
3,7734273D
3.78731190
3+80069140

3.8135937D

3,A2608860
3,83810500
1.8496669D
3.86073590
3.87136370
3.88155070
3.89129010
3.90058240
1.90941400

2,91 776450
3.,9256728D
3.9331370D
394016010
3.946T4250
3,95288R9D
3.9586022D
3,96388950
3,96875%630
3.9732116D

3,97726450
3.9809020D
3,9841%010
3.98703200
3,9895641D
3.99176390
3499364030
3499519340
3.99647930
399752190

3499832480
3.9989255D
3499936510
3499965820
3.99933810

5.334899aD oo
549471600 ag
4.9790894D 00
4o T9633260 09
4.61470130 90
4.44267510 00
4,26084292D0 00
409599670 ao
3,9257046D 00
3.7276760D 00

3.59186130 00
3.426846300 00
3,26763630 090
3,1095%475D 00
2495453280 00
2.8028181D oo
2460645500 00
2,50947330 00
2436771510 00
2422945230 09

2,09469330 00
1,96358390 00
1,83629020 90
1,71298390 00
1,59386920 00
147920450 00
1,36H85%600 00
1.26208490 00
1.15958620 00
1.06122930 00

9,87232420=01
B8,77824190=01
1.9317076D=01
7.1321454D=02
6,37848070=01
5,86R97940=0]
5,00448180-01
4,38643900-0]
3,814064340=0}
3,2857094D=01

2,80140110=01
243625454D=01
1.96860790=01
146179720001
1,309T7227D=01
1.0410128D=01
8,09594730=02
6,1439804D=02
%,52339500-02
3,20876320=02

2.18325650=02
1,406226)1002
B,37834170w03
4,59515570-03
241726544D=03

9,3380004D-02
F.0210285D~02
8, 7050580002
B439078880%02
B,U7866110~02
1« 7695080002
Te4636200N=02
Ty j6106630-02
6,36238900~02
6,56780i10~02

6. 2172060002
5.99094880~02
5.7092924D~02
5.4325190D~02
5.16120800~02
%489574620~02
426362155002
4438266000~02
4413490120~02
3.89309330~02

3,6578592D=02
2,42844270~02
3,2060288D~02
2499061200~02
2. 7B254430~02
245820981002
2,3890352N~02
2420311010~02
240241362002
1.8%524064D+02

ls58829940w02
1.53221210-02
1+2844326D=02
L.2448620002
1.1133009D=02
9. BPESB5D=03
8.734690TD"03
1.65592980-03
6.65685980-03
5.734T076D-03

448894062003
4a12344290-03
3.43588240-03
2,8239014D-03
2,285%90120=023
1.8169121D0-03
144130103D-03
1.07232730~03
T+89481520=04
5.6003489D=04

3.81050160=04
2,4508369D=-04
1.46229650=04
8.0200596D=05
3.79206710+05

=65,31854660=02
~54242}1210=-02
“5,152876T0=02
=5,05507940D=02
=5.94947300=02
=5,83T768960-02
=5,72439900=-02
=5.609]4700=-02
=9.43081020=-02
=5.37283630=02

=5425589320-02
=5,.1369517D=02
=5.05431120=02
% s BA69352D=02
=-%,75425220=02
=4.61882220=02
=4448505220~02
-4,3549610D=02
-4,2272603D-02
=4,09793830-02

=3.9A603400~02
=3.8328669D0=02
=3,69T14800~=02
=3.55T46730~02
=3.4146872D=-02
=3.27361170-02
=3,13833440~02
=3,00840640~02
=24+87918880~02
“2,T4615910~02

~2.,608]1144D=02
=2.46607550-02
=2432397590=-02
=2418561950=02
=2,05252180=02
=1,92179130=02
=1.78901230=02
=1.,65634330~02

=1.5219647D=02

~1.40268200-02

~1.27626460~02
*1.14929040-02
~1.02594090=-02
=9.06612860-03
=7.92912290~03
~6 8660237003
=5.85153270)-03
=4.89658900«03
“4,02065400=-03
=3.20399710=03

~Z+465081630~03
=148409896D=03
=1,2924731D=03
=8,4A933560=04
#5¢ 2468566004

€9-84-H41-0Q03y



£zl

146
147
148
149

6,10319370 Q0
6416698220 00
6423076570 00
6.294%4350 00

4+94545700=01
4,94942030-01
44.94941910=01
4,9494177D=01

3.9999408D 00
3.9999845D 00

4,00000000 00

7.59434700-06
9,4983970D«05

0.0

1.32581270=05 =2.54229700~04
1e6b778300=06 ~1,)19883550-04
3,99999800 00 =1.15670BBD=04 «2.036P910D=06 ~1.20919210=09

0.0

Oatl

£9-8£-H1-0Q3V



871

M ACHA& BOUNDARY LAYER CALCULATIONSs STAGNATION PRESSURE= 200,PSI, STAGNATION TEMPERATURE=1638, DEG Re N BASED ON RE.OELTA

PARABOLIC TEMPERATURE DISTRIBUTION

™ TE

1 866.01343.4
X= 46,0760
2 865.71336.2
X= 464195
3 865.31328.8
X3 46.317s
4 A664.71371.1
5 8654,11313.0
& A63.31304.6
T B62.41295.9
B 86].41286.8
9 BS0,21277.3
0 BSR.OL267.3
A2 4743074
1t 857.21256.9
12 R95.5i24640
13 853.51234.7
14 851,31222.9
15 848,91210,7
16 #346,31198.0
17 A43.41184.8
18 840,21171.0
19 836.71156.5
20 R32.91141l44
X= 49.607
21 828,7]1125.5
22 A25.91115.3
23 B21.91100.%9
24 Bi17.21084.9
25 812,21068.0
26 806.81050.6
27 801.11032.8
28 795,31015.0
29 789,3 997T.0¢
30 783.,2 979.2
A= 53.5T76¢
31 TT6.9 961.4
32 TT0.7 943.8
33 T64,3 F26.5
34 75B.0 909.24
35 751.7 892.6
36 T45.4 876.2
37 739.3 860.1
38 733.2 8445
39 727.2 B29.3
40 721.3 814.5
K= 59,364
4] T15.,6 800.3
42 750.7 188.3
43 T06.1 776.9
44 7016 765.9
49 H97.2 TS5.3

TAM TP

1A07,4101}.2
DSUx 0s005554
1606,61008,9
OSU= 000563,
1505.82006.5
DSU= 0.00571
1405.01004.0
1404.21401.2
1603,3 998.3
150244 995.1
1601.5 991.8
1600.5 988,72
1999.4 84,4
OSUz 0.00647
1593.4 980.3
159742 9799
1696,1 ¥71.2
1594 .8 966,2
15%93.6 961.0
1692,2 955.4
159049 949.5
1589,4 Ya43,1
1587 ,9 936.4
1586,4 329.2
OSUE Q.U0BTZ,
1984.7 92146
1683,6 916,6
1682,1 909.4
1580.5 90144
15T8.7 492.8
1576.9 883,.8
1675.1 BT4.4
1573.2 965.0
14713 BS5.,1
1569,5 H45.6
DsU= 0401383,
1567 .6 835,R
1565.8 326.0
1564.0 d16.3
1562.2 806,.5
1560.,5 797.1
1558.8 787.6
1557,1 778.3
1555,5 69,2
1653,9 76043
155244 15146
DGU= 0402404
1590.,9 743.7
1549,6 736,1
1R4B.4 T29.2
1R47.3 122.6
1R464.2 71643

MOBD1F, SPALPING-CHI REFERENCE TEMP

VAN DRIEST REFERENCE REYNOLDS NUMBER

RE/ZIN RTHI FRD KCFI KCF KCFS H HI Fry KTHP THETA~1 DELTA DELTA#=]
1349924 19679 1,33396 2432911 3.09435 3.09435 0.,5083 1.3172 0.14257 0.0 0,01085%2 0,9909 0,.005516
THU=0.0109284, CTH=0,0198678. Huy= 04507469, H=  0.508254, CH=  0.507892» Nz 6,30583
1352630 19660 1,32983 2,32948 3.08522 3.08526 0,515% 1.3171 0,14015 02158 0.910853 90,0910 0.005595
THU=0.0109299. CTH=0.0108691. HUz  0.5k4745, HZ  0,515535, CH=  0,515172s N2 6,30774
1354981 19640 1,32561 2.32987 3.07587 3,07605 00,9231 143170 N.13563 0.05401 0.010858 0.0912 0.005679
THU=0 ., 0109345, CTH=0.0108735, Hy= 0.522260. HZ  0.5230585, CH=  0.,522693» N= 6.309790
1356933 19621 1,32129 2533025 3.,06627 3.,066608 0.5308 1.3169 N,13330 1.08485 0,010367 0.0915 0.005768
1358454 19601 1,31686 2.33064 3,05641 3,0%716 0,5388 1,3168 0.1297]1 0.1173]1 0,010880 040918 0.005R862
1359497 19582 1.31234 2.33101 3.04631 3,04750 0,.5471 1.3167 0,12594 0,15122 0.010898 0.0921 0.005982
1360023 19563 1430770 2.33138 3.03590 3,03765 0,5556 143165 0,12188 0,18770 0.010922 0.0925 0,006069
1355983 19546 1,3029T7 2,33172 3,02520 3,02764 0,5645 1,3164 0,11755 0.22645 0,010952 0.0929 0,006182
1359327 19531 1.29810 2,33202 3.01411 3,01737 0.5736 1,3163 0.11302 0.26663 0,010989 0.0934 0.006304
1357994 19519 1,29309 2,23226 3.00261 3,00683 0,5831 1.3i62 0,10805 0.31100 0.011035 0.0940 0,006435
THU=0.0111153, CTH=0,0110%14» Hyz 0,582300, H®  0,583139, CHz  0.5R2T84%. N= 6,.32598
1355928 19511 1.28795 2.33241 2.99066 2.99597 0,5930 1.3160 0.10277 0435807 0.011091 0.00947 0.006577
1353096 19509 [4+28265 Z2.+33244 2,978)7 2.98470 0,6033 11,3158 0,09716 (.40807 0,011159 0.0956 0.006732
1369327 19517 1.27722 2433230 2.96513 2,97301 00,6139 1.3157 0,09122 0.46109 0.011242 0,0965 0.,006901
1344696 19539 1,27167 2.33193 2,95149 Z,96082 09,6249 1,315% n,08517 0,51455 0,011340 0.0976 0.0070R&
1339108 19568 [.,26598 2433130 2.93722 2494810 0.6363 143153 n.07931 0456541 0,011456 0,0989 0,007289
1332502 19614 1.,26016 2.33040 2.92228 2,93475 0,64B0 1.3150 n.07382 0461157 0.011593 041004 0.,007512
1324786 19672 1.25417 2432924 2.90663 2,92075 00,6602 1.3147 0,066863 0.65396 0.011750 0+1020 0.007758
1315877 19744 1.24799 2,327H4 2.89023 2.90603 0.5730 1.3144 0,06370 0,69299 0,011931 0.1039 0.008029
1305663 19828 1,24159 2.32621 2.87304 2,89052 00,6863 1.3141 0,05900 0.72927 0.012136 0.106F 0.008329
1294046 19924 1,23495 232437 2.85505 2,87417 00,7003 1.3138 0,05442 0.76395 0.012369 0.10R5 0.,008563
THU=N. 01246764 CTH20.,0123883 Hyz  0,699304, HE  0,700334, CH=  0.700009, N* 6,373T}
1260919 20032 1.22R05 2.32231 2.83622 2.8%9694 0,7151 1.3134 0,04998 79715 0,012632 01112 0.009033
1271961 20104 1.22362 2,32093 2.H2410 2404577 00,7246 1.3132 0.,04726 0.81738 0.012R12 0.)1131 0.009284
1258800 20208 1.,21745 P.318%6 2.80715 2,83003 00,7380 143129 0,04362 0.84455 0.013078 041158 0.009652
1243347 20328 1,21060 2,31670 2.78B32 2,8124% 00,7531 1.3125 0,03%80 0.87319 0,013392 0.1191 0.010086
1226175 20658 1,20339 2.3142R 2.76849 2,79376 0,7692 1,3121 0.03600 0.90202 0,013747 041227 04010574
1207626 20595 1,19597 2.31175 2.748)1 2.77041 0,7859 143117 0,.03230 0.93056 0.014136 0.,1267 0.011110
1187927 20736 1,18842 2.30916 2.72742 2,75460 0,8032 1.3112 0,02875 0.,958638 0,014958 0.1311 0.011693
1167309 20880 1,18078 2,30654 2,70659 2,73450 0,8208 1,3108 0,02539 0.98611 0,015012 0.1358 ¢.012322
1145891 21925 1.17309 2.30392 2.68573 2.71421 0.8388 1.3104 5.0222]1 l.0129% 0,015497 0.1408 0,0129%9
1123888 21171 1.16538 2,30131 2.h649] 2,69342 0,8571 1,309% 0,01922 1.03912 0,016012 0.1461 0.013724
THY=0.0161641 CTHx0.,0160401}+ Hu= (.85%869, HE  0,857100, CH2  0.856885, N= 6,45346
1101410 21316 1,15765 2.29873 2.64420 2,67341 00,8756 1.3095 0.01664 1406450 0.016557 041518 0.014498
1078631 21461 1.14993 2.29619 2.62365 2,65303 0,8945 1.3090 0.013R6 1.08898 0,017132 0,.1578 0.015323
10556561 21603 L.14222 ?.2937)1 2.60329 2.63275 0.9133 1.3086 0,01149 1411260 0,017736 C.1641 0.,016199
1032618 21743 1,13453 2429129 2.58317 2.61263 0.9324 1.3082 0.00933 1.13494 0.01R369 0.1707 0.017127
1009643 218R0 1.12689 2.28894 2.56332 2.59272 00,9516 1.3077 0.00736 1.15630 0.019029 0.1777 0.01R108
986827 22013 1411929 2.28668 2.54378 2457300 0,9709 1.3073 0.00559 117632 0,019715 041849 04019142
964289 22142 1.1117S 2,28450 2452458 2.55370 0,9903 1.3069 0.00402 1419480 0.,020427 0.1925 0.020228
942117 22267 1,10429 2.28241 2.50575 2.53470 1.0097 1.3065 4.0026]1 1.21204 (.02116]1 0.2093 0.021366
920368 22385 [.0969]1 2.28043 2.4B737 2.51607 11,0290 1.306) 0.00137 1.22795 0.021918 0.2084 0,022554
B99125 22499 1408962 P42TRSD 2,46930 2449785 1,0484 1,3057 0.00029 l.24242 0,022695 0.2167 0.023792
THUS0. 0229654 CTH=20.0227417 Hus 1.046707, Hz 1,048762, CHz  1,.048468. N= 6,54185
878429 22607 1.08263 2,27678 2.45172 2.480006 1.0676 1.,3053=0,00065 1.25527 0.0234R9 0.22%3 0,025078
861085 22695 1,07633 2.27535 2.43694 2,46511 1,084} 1.3050-0.00137 1426571 0.024186 00,2379 0.026221
844383 Z22TTT 1.07039 2427402 2.42266 2,450606 11,1004 1.3047=0,00201 1427533 0,024885 0.2405 0.027383
828292 22653 1,06458 2,27278 2.408B84 2,436638 11,1164 1,3044=0,00257 1.28408 0,925587 0.24R) 0.028565
B12TTR 22924 1.058%90 2.27163 2,39546 2442313 1.1321 1.3041=0,00306 1.29201 0.026291 0.2558 0.029765
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6C1

46 693.0 TaS,.1

&7
48
49
50

51
52
53
54
55
56
57
58
54
&0

61
62
63
64
6%
66
6l
L1
6%
T

688,59 T35.3
685,00 725.8
68ls1 716.6
6774 T07.7
X2 64,921+
A7T3.8 699.1
670.2 690.8
666,48 682.7
66345 674,48
660.2 66T.2
557,00 £59.8
A53,9 65245
650,9 645.5
648,80 £38,06
645,.1 6531.9
Az T0519s
642,33 625.3
A39.5 618.9
(36,8 612.7
63442 606D
63l.6 600.6
62941 S94.8
AZ26h.6 SRF,]
H24a2 SBIH
52148 57840
B19.5 572.7
X3 TEoT4Ty
f17.2 56Teb
£15,0 562.3
6128 55742
61047 5524
ARG S64T.6
A06.5 S42,.9
604,95 538.3
£02.5 5338
6©00.6 S52%.5
598.7 57541
X= B4.020¢
596,99 520.48
59%.1 S16.7
59344 S12.7
591+6 508448
590.0 50449
588,3 S501.2
SH6.T 497.5
48542 49440
58347 490,5
581l.7T 485,.9
Xz 92,781+«
579,7 481,40
5778 477,11
576.0 473.0
57443 4AF,0
ST246 #659.1
S571.9 4614
56944 45T7.8
96T 49 45443
B66.4 45049
S65,0 wat.?
X=10%.6894

1549.1 710,1
154641 f04,2
1543,1 098,.4
1642,2 H92,8
1541.3 687,06
OsU= 0403651,
1540.4 582.7
18349,5 617.0
1538,6 672,.1
1537.8 67,7
1637,0 462.5
1536,3 657,49
1639.5 653.5
153448 069,1
136, 44,8
1%3344 940,T
DsU=z 0405105,
1532,7 36,6
1932,0 &32.6
15831.4 628.7
153047 52449
133041 n2le?
19295 017,58
1928.9 614,0
1528,3 0l0,%
152748 650T.0
152742 40346
DsU= 0.064524
1526.7 600.3
1526.1 597.1
152946 29440
1925.1 590.9
1m24.6 S87,A
1524,]1 S84,A
1923,6 981.9
1523.2 579.1
192247 976,3
52243 2735
DSU= Q.0BFG9s

1541.8 570,9

192l 44 268,72
15210 965,7
152046 563,72
142042 260,7
1519.8 558.4
1519.4 9560
1519,0 553,A
1518,7 551.%
141842 96846
DSU= 0.11582y
161747 945,7
151743 543,90
1818.8 240,23
151644 937.8
1516,0 35,3
151946 232.9
151543 230.6
1%914.9 528.3
1514.5% 526,2
ISl442 224,11
DSU= 0.15593,

797810
TR3356
169339
755892
742834

THU=0,03027a6,

730194
717942
706070
694556
683372
672514
661967

851702

e4l721
432009

THUZ0, 0378746,

622542
513335
604355
595594
SAT066
578734
570618
562693
554955
547412

THUY=0.0662058

540039
32858
525840
518992
512313
S95790
499439
493232
487191
48)129%

THY=0.0556160.

475553
469961
464506
459209
454033
449025
444136
439389
434772
428644

THU=0,06664496,

422769
417115
w1167
406449
491631
296599
391948
387490
383196
3159059

THU=0,0829414,

22991 1.05335 2.27056 2.38248
23052 1.04T79] 2.26957 2,36987
23110 1.04257 2,206865 2.,35761
23163 1,03734 2.26780 2. 34567
23213 1,03220 2,26701 2.33403
CTH=04+029921 4y Hu=
23260 1402715 2.26627 2.32268
23303 1.02217 2,26559 2.31158
23344 1.01728 2.26494 2.30073
23393 1.01266 2.26434 2.29010
23419 1.007TL 2.26377 2.27968
23453 1.00302 2.26324 2.26947
23485 0.99840 2.26273 2.25943
23516 0.99383 2.,26225 2.24957
235445 0,9R932 2.26178 2.23%87
23575 0,98486 2,26133 2.23032
CTH=0.,03T3667, Hy=
23602 0,98045 2,26091 2.22090
23630 0.97409 2,.26048 2.21163
23657 0.,97178 2.26007 2,20248
23683 0,96751 2.25966 2.19344
23710 0,96328 2,25924 2.18452
23736 0,95910 2.25884 2.17570
23763 0,95496 2.25842 Z2,16698
23791 0.95086 2.25800 2+15836
23819 0.94679 2.25757 2.14982
23848 0,94277T 2.25712 2.14138
CTH=0,0455107, Hy=z
23877 0.93IB19 2.25667 2.13301
23909 0.93485 2.25619 Z.12473
23941 0,9309% 2.25569 2.1165%7
23975 0.92708 2.2%9517 2.10839
24011 0.92326 2.29463 2.10034
24048 0,9194R8 2.25406 2,09235
24088 0,91575 2.29346 2,08445
24129 0491205 2.25284 2.07661
24173 0.90840 2.25217 2.06884%
24219 D,90479 2,25148 2.0611%
CTHE0.US546TTay Hu=
24268 0,90124 2.,25075 2,05353
24319 0,R9772 2,24998 2,04598
24373 0.89426 ?.24918 2.03850
24430 0.89086 2.26832 2.03110
24490 0,88747 2,24744 2,02376
24553 0,88417 2,2465)1 2.01652
24618 0,88090 2.24554 2,00934
24687 0.87769 2.24453 2,00225
24759 (0,A7454 2,26348 1.99523
24862 (.87029 2.25198 1.98574
CTHz0. 0653847, HU=
24971 0,86616 2.24039 1.,9764)
25985 0.86213 2.23R74 1.961723
25205 0.85819 2.23703 1.95420
25331 0.85436 2,23924 1.94932
25462 §.,85062 2.23338 1.,94060
25599 0.84698 2.23146 1,93201
25740 0.,84349 2,2294R 1,92357
29889 0.8399R 2.22T742 1.91528
26042 0,83662 2.22531 1.90712
26200 0.,83334 2.22315 1.89910
CTH=0,08]1106T7, Hy=

2,40999
2.397121
2e3B8a77
237265
2436083

1.2059495, H=

2.34921
2,33795
2432687
2431601
2430534
2.29485
2.28454%
2427437
2e26435
225447

1347848, H=

2426471
2.23507
2022553
2.21610
2.20678
2.19751
2.18836
217927
2+17027
2.16134

1482872 H=

2.15247
2414368
213496
2.12631

2e11772

2410920
210079
2,09237
2.08405
207581

1e512690, HE .

2.06764
2.0595%
205152
2.04357
2.03571
2.,02793
2a 02024
2401263
2.00%8]12
1.99497

1.737778, M=z

1.98501
1.97522
1.9656]
1,95617
1.946%2
1.93784
1.92892
l.92018
1.91161
1.90319

14879957, H=

1.1477 1.3039=0,00349
1,1630 1.3036=-0.00386
1.1782 1.3034=0,00417
1,1932 1.303]1=0,00443
1,2081 1.2029-0,00465
1,20R070

1.,2374 1.2024=0.00499
1.2518 1.3022=0,00509
1,2662 1.,3019=0,00518
1,2804 1.2017=0,00524

142945 1,30}5=0.00526"

i.3086 1.,3013-0,00528
1.3226 1.3011=0,00527
1433565 1.3009=0,00524
143503 1.3067=0,00521
1.350328.

143641 1,3005=0,00516
1,3778 1.32003=0.00509
1.4915 1.3001=-0.0050%
14051 142999=0.00495
144187 14,2997=0.00487
1.4322 1,2995-0,00478
1.,4456 1,2993-0,00468
144591 1.2992=0.00460
14724 142990~0.00450
1,4858 1.2988=0,00441
1.485767,

144991 1.2986=0,00431
1.5123 1.2984=0,00421
1.5255 1.2982=-0,00413
1.5386 1.2980=0,00404
145517 1.2978=0.00396
1u5647 1.2976=0,00387
1.5776 1.2975=01,00378
1.5905 1.2973+0.00371
146033 1.2971-0,00363
1.8160 1.29569=0,00357
1e616030.

1.6287 1.2967=0,00350
1,6412 1.2965=1,00346
L6536 1.2963=0,00340
1.6659 1.2961=0.00336
1,6782 1.2959=0,00332
146903 1,2957=0,00328
1.7022 1.2955=0,00327
1.7141 142953=0,00324
1.7258 1.,2951=-0.00324
LaTal6 1.2948=0.00323
1.,741632,

1.,7572 1,2945=0,00322
1.,7724 142943=0,00324
1o 7875 1+.2940+=0,00325
1.A07Z 1.293T=0.00325
1.8166 1.2934=0,00326
1.8308 1.2931=0.00328
1.8447 1,2928=0,00328
1.8582 1.2925=0.00328
1.8716 1.2923=0,00330
1.8846 1.2920=0,00329
1,884602

CH=

1.2228 1.3026=0,00484

CH=

CHx

CH=

1.29915
1.30554
1.31098
1.31532
1431911

l1.32262
1.32%00
1.32634%
1.32755
132816
le32754
l.32684
1.32%72
1432351
1.,32158

1.31874
1.31524
131233
1.3081%
130408
1.2998%
1,29492
1.29073
1+2B556
1.28082

127577
1.27038
1.,26585
1.26048
1.2559%
1.25072
l1.24583
1.24140
1223653
1.23268

1.,22828
1.22503
l.22126
l1.21826
1.21551
1.21279
l.21128
1.20941
1.20910
1.20786

0,026998
0,027707
0.028419
0,029]133
0,0298%1

1.208665,

04030572
0.031297
0,032026
0,032759
0,033497
0.034240
0,034988
0,035742
04036503
0.,037270

1351562y

0.,038044
0,038825
0,039614
0.,0604]11
0.041217
0,042031
0,042855
0.043687
0,064530
0,045383

1487807

0,046246
0.067120
0.048004
0.048900
0,049807
0,050725
0.051654
0.0525%9&
0.053548
0.054512

1a619064s

0,055488
0,056475
0.057475
0.058485
0.059506
0,.,060538
0,06158]
0.062634
0.063697
0.065171

CHz  1.745897,

1.20701
1.20823
1.20918
1.20934
1421048
l.21284
1.21333
le2l414
1.21708
1.21745

0.,06666]
0.068169
0,069693
0.071234
0,072791
0.074363
0, 075953
0,077556
0,07917%
0,080810

CHE  1.890793

0.2635 0.030985
042715 0.,032224
0.2793 0.033484
0.,2873 0,034763
0.2953 04030062

Nx 6,60376

0.3034 0,037383
0.3115 0.038726
00,3198 0,0400%0
0,3281 0.041478
043364 0,082590
0.3449 0.044325
0.3535 0,045786
0,362) 0,047273
043709 04048706
03797 0.050327

N= 6,65118 - .
0.3887 0.0510896

0.3978 0.093494
0+4070 0,055122
044163 0.056782
0.4257 0.058472
0,4353 0.060196
0,4450 0,061952
04549 (4063743
044649 0.065%68
0.4750 0.067429

N¥ 6,69383

0.4853 0.069326
0,49%38 0,071259
0.5064 0.073229
05172 0.075238
0.52R] 0.0T7284
055392 0,079369
04,5505 0.081492
T+5620 04083654
0.5736 G.085A54
D+SAS4 0.088094

N= 6,73669

0,5973 0,090371
0.5094 0,0926487
046217 0.095042
04,6342 0.097433
G.6469 0,099A62
0.6597 0,102325
be 6726 DL 104825
0.6857 0.107359
046590 0.109927
07175 04113504
N= 6,78392
0,7352 0.117135
0.7552 0.120825
07745 04124574
0.7940 0,128377
0,8138 0,132232
0.8338 0.136143
0.8541 04140108
0.,8747 D.144118
0.8955% 0.148180
0.9165 0,152294
N= 6,85020
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0¢l

101 563.7
102 562.4
103 56141
104 55%.9
10% 558.7
106 557.6
107 556.%
108 555.%
109 $54.5
110 553.5

444.6
44leb
438.7
43549
433.2
430.6
428.1
42547
42344
421.2

X=119+6569

111 552.6
112 %51.7
113 550,.,8
114 550.0
115 549.3
116 S48.5
117 %47.8
118 547,2
119 S46.5
120 S46,0

4191
417,0
415.1
413.2
411.4
409.8
40841
406,.6
40%.2
403.8

A3} 3hed53s

121 Sa5.4
122 S44.9
123 S44,.4
128 543.9
125 $43,5
126 S43,1
127 54247
128 S42.3
129 542,90
130 S41.7

40245
4013
400a1
399.0
39849
397.1
396.2
395.4
304,7
394.0

X=149+8420

131 541.5
132 541.2
133 541.0
134 540.8
135 540.7
136 540.5
137 540.4
138 560.3

39344
392.9
392.4
391.9
391.6
391.2
390.9
290.7

i513.9 522.1
151346 220.2
151343 518.3
1513,0 916,%
1512,7 514,.7
1612.4 S13,.1
151242 S11.5
151149 209.9
151147 50844
1511.% 507.0
DSU= 0201060
161142 “05.6
1511.0 304.3
16108 303.0
1510.6 201.8
1610.4 50047
1581043 49946
15101 98,5
1909,.,9 497.6
1509.8 496.6
1509,6 «95,17
DSU= 0.24845y
1509,5 494.9
150944 494.1
1509.3 493.3
1509,1 492.6
1509,0 492.0
1508.9 491l.4a
1508.9 490.8
1508.8 4903
1a08,7 489,8
1508,.6 489,.4
DSUE 04293510
1508.6 48940
150845 48B8.6
Is08,5 488,3
150844 488.0
1508.4 487.48
1508,3 487.6
1508,3 48T.4
1508,3 87,2

139
140

S540.2 390.%
S40.2 390.4

X=1685+549y

lal
142
143
144
145
146
147
148
149

5401 390.2
540.1 390.2
S40,0 39041
S40.0 390.1
S540.0 3900
%40.0 390.0
S540.,0 390,0
54040 390,0
54040 390.0

A2179.757»

1508.3
1508.2

DSU= 0.33159,

1508,2
1508.2
1508,2
1508,2
1508,2
1508,2
1508,2
1508,2
1508.2

487.1
4870

48649
“86.9
“Bb A
486,.8
48048
486,83
4806,8
486,8
456.8

375099
3T12R2
367609
364094
380710
357455
354349
351364
348496
345759

THU=0 . 100B81R,

343144
340639
338242
335959
333792
331726
329761
327396
326128
324458

THU=0. 1197765,

322890
321412
320026
318728
3171517
316392
315350
314390
313509
312705

THU=0,1383385,

311977
311324
3107413
310229
309778
309386
309053
308778
308550
3082365

THU=0+1550857,

308223
308117
308039
307987
307956
307937
307930
307927
307927

DELTA®Z (,3488741,

RE+THETAx

26365
26535
26T10
26892
21078
2270
27469
27672
21881
28096

2u317
28543
esite
29011
29255
29503
29757
30016
3g281
30551

30826
31107
31392
31683
31978
32277
32582
32890
33203
33520

33840
34164
34492
34822
35155
35490
asezs
36168

0.83017 2,2209]1 1.A9123
082707 2421862 1488348
0.82407 2.21628 1.B7587
0.82116 2.21388 ],.86840
0,81R33 2,21143 1.46106
0.81558 2.20893 1.85384
0.81293 2.20637 1.84678
0,81037 2.20377 1.33984
0.80788 2.20113 1.83303
0.8054R8 2.,19843 1.82636
CTH=0.0982603y Hy=
0.80317 2.19%69 1.,81983
0,80095 2419291 1.81343
0. 79880 2419009 1.80715
0.79674 2.18723 1.80]01
QaT94TT 2,18433 1,79502
0.79288 2.18140 1.78916
0.79107 2.17844 1.78342
0,7B934 2.17%44 1.77783
0.7B769 2,17242 1.77236
0.78612 2416937 176703
CTH=0.1161323» Hy=
078465 2.16629 1.76185
D.7B3ZS 2.10319 1.75680
0.78193 2.16007 1.,75189
0.7R069 2.15694 1.74711
077952 2.15379 1.T424T
0. TTB4S 2.18062 1.73796
0.77743 216745 1.73360
077650 2416427 1472936
0.77564 2,14108 }1.72526
0,77TaB6 2.,13789 1.72129
CTH=0.1334834, Hy=
077415 2413470 1471746
0.77351 2.13152 1.71376
0,77294 2,12834 1.71019
0,77243 2412517 1470674
N.77199 2.12201 1.70342
0.7TIO0 2411886 §.7002}
077127 2411573 1.69712
0.77100 2.11262 1.69415

36509 0.77077
36852 0.77059

37196 0.T7045
37541 0.T7034
37886 0.77026
38233 0.7702)
38579 0,77018
38925 0.77016
39272 0,77016
39618 0,77015
39965 0.77015

THETAR0.1612733,

49660,y

2010953 1.69127
2010646 1.68849

CTH=0 1489637 Hys

2510342 1.6858}1
2410040 1.68321
2409742 1.68068
2409446 1.67822
2409153 1.67582
208864 1.67347
2.08578 1.6T116
2.08295 1.6688%
208015 1466664

HE  2.1632484

LOGE 4.69601.

1.89495
1.88686
1.8T7892
1.8711%
1,86353
1.85606
1.84876
1.084161
1483460
1.R2774

1.8973
1.9098
1.9219
1,9338
1.9453
11,9566
1.9676
1,9782
1.9886
1.99856

1.993003, H=

1+R2105
1.81449
1.80808
1.80182
1,79571
1.78%75
1.78393
1.77826
l.,77272
1.76734

2.0083
2,0176
2,0267
240355
2,0438
2.0519
2.0596
2.06T]
2.074)
2.9809

2elT4240, H=

1.76210
1.75701
1.75206
1.74725
1.74258
1.73805
1.73366
1.72941
1.72530
1,72132

2.0872
2.0933
2,0989
241043
2.1093
2.1140
2.1183
2,1223
241260
2.1294

24121666, H=

1.71748
1.71377
1.71020
1, 70675
1.70342
1.70022
1.69712
1.69415
1.69127
1.68849

2.1324
2.1351
241375
2.13%6
241014
241430
2.1443
2.1453
2.1461
2.1468

24138136, H=

1.68581
1.68321
1.68068
1,67822
1,67582
1.67347
1.6711¢€
1.66889
1.66664

2.1472
241475
241477
241477
241477
2.1475
241674
2.1472
241470

N= 7,1651566

1,2917=-0,00328 1.21809
142914=0,00330 L.22079
142911-0.00328 [.22064
1.2908-0,00326 1.22077
1.2905=-0.00326 1.22282
1.2902=0.00323 1.22155
1.2099=0.00319 1.22003
1.2896=0.00318 1.22095
1.,2893-0,00315 1.21958
1.2891=0.00309 1.21643

1.998580, CH=
1+2888-0,00305 1.21452
1.2885=~0,00302 1.21311
1.2882=0,00297 1.21005
1.2879=0,00290 1.20495
1.2876=-0,00283 1.20003
1.2873=0,0027T7 1.19577
1,2870=0,00271 1.19068
1.2867=0,00264 1.18475
1,2865=0,90256 1.17779
1.2862-0,00247 1416921

2,080862, CH=
1.2859=0.00238 1.16026
1.2856=0,0022% 115149
1.2853=0.00220 1.14185
1.2851=0,00210 1.,13137
1.2848=0,00200 l.12012
1.2845-0,00190 1.10815
1.2843=0,00179 1409550
1.2840=0,00168 1.08219
1.2837«0,00157 1.06R30
1.2835+0,00146 1.05392

24129352, CH=
1.2832-0,00134 1.03838
1.2830~0,00121 1.02213
1.,2827~0,00110 1.00629
1.2825=0,00499 0.99059
1.20822-0,00088 0,9T488
1.2820=0,00077 0.95899
142817=0,00065 0.94240
1.2815~0.0005% 0,92663

24007013y

24091713y

142813=0.00046
1.2810-0.00037
24146777,
1.2808=0.,00028
1.2806-0.00021
142804-0,00015
1,2802=-0,00010
1,2800=-0.00006
1.2797=0.00003
142795=0,00001
1.2793=0,00000
1,279]1 0.0

DELTA= 1.9

RE+DEL TA= 6

0.91257
0.898538

CHe 2,161 740,

n+88515
0.87366
0.86345
0.85434
0.8472]
0.841568
¢.83757
0.83502
0.83332

833418+

107254,

0,082458 00,9379
0.084120 049594
0.,085797 00,9812
0,087485 1,0032
0.089186 1.0254
0,090901 1l.0478
0.092624 1.0704
0.0943%6 1,0932
0,096101 1.1162
0,097852 1.1393

0,099509 l.1626
0.101374 1.1860
0.103146 142096
0,104920 1.2332
0,106696 1.2569
0,108474 1.2807
0.,110254 l.3045
0,112033 1.3284
0.1138]10 1,3522
0.115583 1.3761

0.117349 11,3999
04119109 144236
0,120861 1.4473
0.122603 144709
0,126334 1,4043
0126053 1.5176
04127757 1.5408
0,129446 1.5637
0,131117 1.5864
04132770 1.,6089

0,136404 1.6311
04136015 1.6530
0,137604 146747
0,139170 1.6960
0.140714 1,7170
0.142234 1.7378
04143731 1.7581
0.145203 1.7782
0.146653 1.7979
0.148081 1.8174

0.,149488 1,8366
0,150876 1.8555
0.1592247 1.8742
04153603 1.8926
0,154946 1.9110
0.156279 1.9201
0.157604 1.9473
0,158924 149653
0.160241 1.9833

RE/FT=

LOG® S.78585

04156447
0160649
04164396
0,169176
0.173498
0.177859
0.182242
0.186656
0.191103
0.195565

NE £,91913

0.20004])
0206537
0«209048
G.213561
0.218071
0.2225T9
0227084
0.231578
04236057
0.240512

N= 6,98852

0.2449235
0249326
0,252681
0257994
0262260
0266475
0.27063)
0274726
0.278755
0.282715

24142498y Nx 7.05535

0286600
0290404
04294125
04297766
0301325
02304804
04308198
0311506
0.314737
0317857

N= 7,11626

04320985
0.324007
0.326975
0.329894
0.332770
0.335617
0.338439
03412406
De30b0b4

36951 24 .
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Lel

M ACH4& BOUNDARY LAYER CALCULATIONSs STAGNATION PRESSURE= 200.PSIs STAGNATION TEMPERATURE=1638« DEG Re N BASED ON REWNELTA

PARABOLIC TEMPERATURE DISTRIBUTION

TW TE

1 866.01343.4
X= 46.0764
2 B65.71336,.2
X3 464195
3 865,31328.8
K= 464317
B64,81321.1
864,11313.0
B63,41304.6
862,51295.,%
861.4128648
860.21277.3
10 858.81267,.3
X2 47,307
11 857.31256.9
12 B55,51246,0
13 B53,61234.7
14 B5],41222.9
15 B49,01210.7
16 R46,31198,0
17 B43,41184.8
18 8404211710
19 836.71156.5
20 832.9114l44%
X= 49,607y
21 828.71125.5
22 B25.91115.3
23 821.91100,.9

@~

- 2% BlT.31084%.9

25 Bl2.21068.0
26 B06,81050.6
27 80142103248
28 795.31015.0
29 T89.3 997.0
30 783,2 979.2
Xz 534576+
31 77740 96144
32 770,7 943.8
33 76444 92645
34 758.0 90%.4
A5 TS1.7 892.6
36 T45.5 BT6.2
37 739.3 860.1
38 T33.2 Bake5
3% 727.2 B29.3
40 721.3 814.5
Xz 59,364,
41 71546 800,3
42 710.8 788.3
43 T06.1 TT6.9
4% T0L.6 TE5.9
45 697.2 755,3

TAW TP

1607,41011.2
DSU= 0400554,
1606,61009,0
05Uz 0.90562y
1605,81906,6
DSUE 0,00571y
1605,0100440
1604,.21001,2
1603.,3 998.3
1602,4 995,2
1601,5 991.8
1600.5 988,.2
1599,6 984,4
OSU= 0,00647s
1598,4 80,3
1597,2 975,9
15%6,1 971,2
15%4.8 966,13
1593.6 961.0
1992.2 955.4
1590.9 949,5
1589,4 943,2
1587.9 936.4
1586,4 929,3
DSU= 0400871,
1584.7 9216
1583.6 916.6
158241 909,5
1580.,5 901.4
1578,7 892,8
1576,9 883,83
1575.1 87445
1573.2 865.0
1571,3 855.3
1569.5 B45,6
DSUz 001382,
1567,6 835.8
1565,8 H426,1
1564.0 816,37
1562,2 406.6
1560,5 79T,.1
1558.8 187.6
155741 778,3
1555,5 169,2
1553.,9 760,3
1552.4 751l.8&
DSUs 0.02399,
1550.9 743,2
1549,6 736,11
1548,4 729,22
1547.3 722,7
1546.2 716.3

REZIN RTHI FRD KCFI KCF KCFS H HE FMy KTHP  THETA=-t DELTA DELTA%~]
1349924 19656 1,33392 2,32956 3.,09486 3,09486 0,5083 1,3172 0,14276 0.0 0.010840 0.0908 0.005510
THU=0 4 0109159, CTH=0.01085544 Huz  0.507560, HE  0.50R344, CH=  0.507981» N= 6,30523
1352630 19637 1.32979 2,32993 2.08573 3.,08579 00,5156 1+3171 0,14033 2402154 0,01084] 0,0909 0.005590
THU=0,0109173, CTH=040108567, HUz 0.514836, H=  0.515A25, CH=  0,515263» N= 6,30714
1354981 19617 1,32556 2,33033 3.,07638 3.07658 0,5231 1,3170 0.1368T 0,053%1 0.010845 0,0911 0.005574
THUZ0.0109220. CTH=0.0108611, Hus 0.522351, HE  0,523146, CHz  0.522784y N2 6,30910
1356933 19598 1,32124 2433070 3.06678 3,06723 0,5309 1,3169 0.13349 T+ (18469 0.010854 0.0914 0,005762
1358456 139578 1,31682 2.33109 3.05692 3,05771 0,5389 1,3168 0:12991 0411708 0.010867 0.0917 0,005857
1359497 19559 1,31230 2.33147 3,08682 3,04804 0,5472 1.3167 0,12614 0,15092 0,010886 0.0920 04005956,
1460023 19540 1,307656 2433184 3,03640 3,03826 00,5557 1.3166 0,12208 0.18732 0,010909 0,0924 0.,006063;
1359982 19523 1.,30293 2.33217 3.02570 3,02825 0.,5645 1,3165 ,11775 0.2260) 0,010939 0.0928 04006176
1359327 19508 1.29806 2,33248 3401461 3.01799 0,5737 1.3163 0.11323 0426611 0.010977 0.093370.006298
1357994 19495 1,29305 2.33272 3,00311 3.00747 0,5832 1.3162 0.10826 0.31039 0,011023 0.0939 0,006429
THUZ0.01110244 CTH20,0510386, Hys 0,54823%%4, H=  0,583232, CH=  0,582B87T7. N= 6,32537
1355928 19487 1.2879] 2.33288 2.99116 2,99663 0.593] 1.3160 1,10299 0.35738 G.011079 040946 0.006571
1353056 19486 1.28261 2,3329] 2.97867 2,98539 0,6034 1.3159 0.05738 Geb0729 D.011147 0.0954 0.,006725
1249327 19493 1.27718 2.33277 2.96563 2.97372 0,6140 1.3157 G.09143 (46022 0.011228 0.0964 0.006B94¢
1344694 19512 1,27163 2,33240 2.95200 2.96196 (,6250 1,3155 0,08539 0451360 04011327 (He097S 04007079
1339108 19544 1,26594 2.33177 2,93773 2.94885 10,6363 1,3153 0,07953 0.56438 0,011443 0,0988 0,007282
1332502 19589 1.26012 2.33087 2.92279 2,93554 0,6681 1,3150 N,07404 0.61046 0,011579 0.1002 0.,007504
1324786 19648 1.,25413 2,32972 2.90714 2,92156 0,6603 1,3148 0,06885 0.65277 0.011736 9.1019 0.007750
1315877 19720 1.24795 2432832 2.49074 2,90686 0.673] 143145 0.06392 069172 0,011916° 0.1038 0.008021
1305663 19803 1,24155 2,32670 2.87356 2.,89138 0,6866 1,3142 0,05922 0472791 0.01212% 0.1059 0,008320
1294046 19899 1.23491 2.32485 2,85557 2,87506 0.7004 1.3138 0.05464 0.7625] 0,012354 0,1084 0.008653

THU=20,0124522,

1280919
1271961
1258800
1243347
1226175
1207626
1187927
1167300
1145891
1123888

THU=0. 0161403,

1i0i410
1078631
1055651
10326)8
1009643
986827
964289
942112
920368
899125

THY=20,0229189

878429
861085
844383
828292
ar2rrs

MODIF. SPALDING=CHI REFERENCE TEMP

20006 1.22801 2432280 2483675 2,85786
20078 1422359 2432143 2.82663 2.84670
20182 1,21741 231946 2.60768 2,83099
20301 1.2105% 2,31721 2.78886 Z.81342
20430 1,20336 2431479 2.76903 2,79478
20566 1419594 2.31227 2.74866 2.77545
20707 1,18838 2,30969 2.72798 2,75568
20850 1,18075 2430708 2.70716 2,73561
20994 1417306 2.30447 2.68630 2.71536
25139 1.16535 2,30187 2.66550 2,69500

21283 1.,15762 2429931 2464480 2.67462
21427 1.14990 2,29679 2.62426 2,65428
21568 1.14219 2.29432 2.60392 2.63404
21707 1.13450 2429192 2.58382 2.,61395
21842 1,12686 2.2895% 2.56399 2,59407
21974 1411926 2428735 2.54447 2,57445
22101 1411172 2428519 2.52529 2.55512
22226 1410426 2428313 2,50648 2,53616
22341 1.09688 2.28117 2,48807 2.51757
22453 1,08959 2.2793]1 2,47008 2.49938

22559 1.08261 2.27757 2445252 2.48164
22645 1407631 2427616 2443776 2,46672
22726 1,0T036 2.27485 2.42350 2,45230
22801 1406456 2.27363 2.4097) 2.43835
22870 1.05888 2427250 2439634 2.42484

CTH=0.0123730. HUz  0.699462, H=  0,700430, CH=  0.700107y

CTHRO 0226962 Hys 1,046817, HE 1.048468, CH=  1.0485T4.

VAN DRIEST REFERENCE REYNOLDS NUMBER

Nz 6,37308

0.7152 143135 0.05020 0479561 0.012617 C.1111 0.009023
0,7247 143132 0.04748 0481578 0.012796 0.1129 0,0092T4
0,7381 1,3129 0.04384 0.84285 0,013061 0.1157 0.009641
0,7532 1.3125 0,04002 0.,87139 0,013375 0.118% 0.010074
0.7693 1,3121 0.03622 0.90010 0,013729 0.1276 0.010561
0.7860 1.3117 0.03253 0.92851 0,014117 0,1266 0.011096
0.8033 1,313 0.02898 0495648 0.014538 0.1309 0,011678
0.820% 1.3108 0,02562 0.98376 0,014991 041356 0,0122307
0,8389 1.3104 0,02244 1,02047 0,015475 041406 0.012982-

90,8572 1.309% 0.01946 1,03642 0,015989 0,1459 0,013706-
CTHxD 0160167 Hus 0,85597]1, H=  0,857200+ CH=  0,856985,

NE 6,45267 ;.
0,8757 1,3095 0.01668 1.0616] 0,016532 041515 0e0]4478
0.8945 1.3091 0.01410 1.08590 0,017106 01575 0.015301
0,9134 1,3086 0,01173 1,10930 0.017708 0,1638 0,016175
0.9325 143082 0400957 1.13143 0,018339 0.1704 0.017101
0.9517 1.3078 0,00761 1415256 0.018997 0.1774 0,018079
09710 1,2074 0.00584 1417236 0.01968]1 0.1846 0,019110
0.9904 1.3070 0.00426 1.19060 0,020390 G.1921 0.02019%
1.0098 '1,3066 0.00286 1.20760 0.021127 0.1999 0.021328
1.9291 1,3062 7.00162 1.22328 0,021876 0,2080 0.022513
1.0485 143058 0,00054 1.2375) 0.022649 042163 0.023747
NE 6,54074

1,0677 1,3054=0,00060 1,2501) 0.023441 0.2248 0.025028
1,0842 1,3051=0.00112 1,26035 0.024135 0,2323 0.026168
1.1005 1,3048+0,00176 1,26977 0,02683] 0.2399 0.027326
1.1165 1,3065-0,00232 1,27831 0,025530 0,2475 0,028503
1.1322 1,3042-0,00281 1.28605 0,026231 042552 04029699

o

i
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(AN}

46
47
48
49
50

sl
52
s3
5S4
55
56
s7
58

TaSel
735.3
725.8
7166
T07.7

X% 64e9210

699.1
690.8
682,.7
6T74.8
66742
659.8
65245
645.5
63846
631.9

X= 704519«

625.3
618.9
612.7
60646
60046
5948
589.1
583.5
578.0
572.7

Xz T6T4Te

56745
56243
567.3
5524
54746
542.9
538.3
533.8
S529+4
52541

Xz Ba.0204

520.8
516.7
512.7
S08.8
50649
50142
49745
494,0
490.5
4R5.9

Xx 92.781s

48la.4
4771
473.0
469.0
465,41
4614
457.8
4546.3
450,9
44TaT

Xx2105.689¢

1101
104,.2
a98.4
692.8
°87,.4

O5Ux Geu36424

682.7
677a.l
67241
667T,.3
66245
oS80
653,5
649,1
644,8
a40.7

DsU= 0405089,

836.6
632,6
628.7
524,.9
92142
61745
£la,0
510,5
607,.0
£93,7

DSUE 0406826

600.4
297.1
D94,0
290.9
587,.8
oB4,.8
5B1l.9
$79,.1
5763
973.5

DSU=s 0.UBY29,

570,9
68,3
26547
963,72
260,7
b58,.4
55640
553.8
551.5
248,46

Dslz 0411521

445, T
543,0
S40,3
337.8
235,13
%32.9
L3046
$28.3
52642
24,1

= 00154924

1429300

TOTEI0 22935 1,05333 2.2T146 2.38338 2,41172 1,1479 1.3039-0,00324 0,026934 02,2630 0,030%915
TRAAGH 22995 1.047EF 2.27049 2.37079 2.39897 1.1632 1.3037=0,00361 1.29919 0.027640 U.2707 0.032149
769389 23061 1,04255 2.26960 2.35854 2.38690 1.,1783 1.3034=0,00392 1.30645 0.02834R 0,2786 0,033403
755892 23103 1,03732 2.26877 2,34663 2,37447 1.1933 1.3032=0,00418 1,3086] 0,029059 09,2865 0,034677
742838 23151 1.03218 2.26800 2,33%01 2,36268 11,2082 ]1.3029-0,00640 1.31223 0.029773 0.294% 0.03597]
THU=0,0301939, CTHI0 . 0298428, HUs  1,206115, H* 1.208184 CHx  1,208778» N= 6.60228
730196 23196 1.,02713 2.26728 2.32368 2.3511¢ 1.2229 143027=0,00459 1.31557 0,030490 0.3075 0.037286
717942 2323R 1.,02216 2.26662 2,31260 2.3398% 1,2375 1.,3025=0.00474 1.31780 0,031211 0.3106 0,038623
106070 23277 1,01726 2.26600 2,30176 2,32880 1,221%9 1.,3022=-0,00484 1.31899 0,031936 0,3188 0,039982
694556 23314 1.01264 226542 2.20116 2.31796  1,2663 143020=-0.00493 1.32005 0.032665 0.3270 0.041363
683372 23348 1,00769 2.26688 2,280T6 2.,30731 11,2805 1.3018=0,00500 1.32053 0.033399 0.33% 0.042768
672514 23381 1.00301 2420637 2,27056 2,29685 11,2947 1.3016=0,00502 131978 0,034137 0.,3438 0.044196
661967 23412 0.,99838 2.20388 2.2605% 2.2865% 1,3087 1.3014=0,00504 1.31895 0,0348381 0.3523 0,0456%0
651702 23441 0.99381 2.26342 2.,25070 2.,2764]1 11,3227 1,3012-0.00504 131771 0,.035631 0,3609 0.047129
641721 23469 D,9A930 2426298 2,24102 2.26640 1,3366 1.3010«0,00501 1.31540 0.036387 00,3696 0,048435
632009 23496 0,98485 2.26255 2.,23149 2.29654 1,3505 1.3008=0,00498 1.31336 0.037149 00,3784 0.050168
THY=0 L, 037 7495, CTH=0.0372452y Hyz 14347979, HE  1,350451 CH= 1.351681. Nz 5,64936
622547 23522 0.9A8043 Z.BOR1D 22209 2424679 1,3687 1.3006=0,00693 1431042 0.0375918 0.3073 0,051730
613335 23568 0,97A08 2.26174 2421284 2.,23717 11,3779 1,3004=0,00486 1.30683 0.038696 0.3963 0,053319
604355 23574 0.97176 226135 2.2037)1 2.22765 1.,3916 1.3002=-0,00481 1.30382 0.039478 04055 0.054938
595596 23598 0.967T69 2.26097 2,19469 2,21822 1,4052 1.3000=-0,00473 1.,29956 0.940270 0,4147 0.056586
S87066 23624 0,96327 2.26058 2.18578 2.20890 1.4188 1.299R~0,00465 1.29540 0,06107) 0.424]1 0.058270
STRT34 23648 0.95908 2,26019 2.175698 2,19966 11,4323 1.2996=0.00457 1.29108 0,041880 0.4336 0.059984
570618 231674 0,95495 2.2%980 2.16828 2.1905%2 1.0458 [.2996=0,00447 1.2AR08 0.042697 0.4433 0.061730
562693 23700 0,95084 2.25940 2.15967 2,18144 11,4592 1,2993-0,00639 1,28181 0,043524 0,4531 0,063510
554955 23726 0.%4678 2.2589Y% 2.15115 2.17244% 1.4726 1.2991=0,00529 1.27656 0,04436] 0.4630 0,065326
547413 23754 0,34276 2,25857 2.14272 2.16352 1,4859 1.2989=0,00620 1.27174 0,045708 04731 0.067175
THY=0 0450270 CTHX0.04533484 HUz 1,483015, Hx  1,4B85A98, CH= 1,48793], NE 6,69162
540039 23782 0.93RTH 2.25814 2,13437 2415467 1,4992 1.2987+0,00611 1.26662 0.046065 044833 0.069061
532858 23811 0.93484 2.25768 2.1261)1 2.14589 1.5124 1.298%5«0,00401 1.26115 0,066932 0,4937 ¢.070982
525840 23862 0493096 2.25721 211792 2.13717  1.,52%6 1,2983=0,00393 129654 0,047B10 049042 Q4072940
518992 23874 0,.92707 2425671 2.10981 2.12852 1.9387 1.2981=0,00384 1.25109 0,048700 049149 0.,074936
512313 23909 0.92326 2.25619 210177 2.11994% 1.5518 1.2979=0,00376 1.24547 0.049600 0,52%8 0.076369
505790 23944 0,91947 2.29965 2,09380 2.11142 1,9648 1.2978=0,00367 1,24115 0,090511 0.,5368 0.079041
499439 239H2 0,91576 2.25507 2,08591 2,10298 1.5778 1.2976=0,00359 1,23617 0,051433 0,54R0 0.081149
493232 26022 0,91206 2.25447 2.,07809 2,09560 11,5907 1.2974=0,00352 1.23164 0.052367 (.%593 0.083298
4BTI9] 24064 0,90839 2.259382 2.07034 2,08629 1.6034 1.2972=0,00344 1.22667 0.053312 0.9708 0.085483
481295 26108 0.90479 2.29315 2.06266 2.07B05 1.6162 [.2970-0.00338 1.22769 0,054268 0.HR25 0.087707
THUR( . 0553614 ¢ CTHZ0. 0546319, Hyz 1,6120868, HE  1,616172 CHa | .619192 N= 6,7341l0
475553 24155 0,90123 2,2526% 2,05506 2,06088 1,6288 1,2968-0.00332 1,21R18 0,055236 0,9944 0,089969
R6E9961 24205 0,89772 2.25170 2.04753 2,06179 1,6413 1,2966=0,00327 1.21480 0.056215 0,6064 0,092268
464506 24256 0.89625 2425092 2.04006 2,05376 1.6538 1.2964=0,00322 1.,21089 0,057206 0.56186 0.094606
459209 24317 0.890B4 2,25009 2.03268 2,04582 1,606] 142962=0,00318 1.20773 0.058207 046310 0.096979
454038 26369 NBBTET 2.24924 2402537 2.03796 1,67T83 1.2960=0.00314 120682 0.059220 06435 0.099391
449025 26430 0,88616 2,24833 2,01816 2,03019 1,6904 1.2958-0,00310 1,20194 0,060243 0,6562 0,101835
444136 264493 0,BA089 2.,24739 2,01098 2.022%0 11,7024 1,2956=0,00308 120023 0.061276 0,6690 0.104316
4393689 24560 0,87769 2,24640 2.00390 2,01690 1.7142 1.2954=0,00306 1,19816 0,062320 046870 0,106R30
434772 24530 0.8T453 2,2453B 199590 2,00739 1,7259 1.2952=0,00306 1.19762 0,063373 0,6952 0.109377
428646 24729 0,8T029 2424391 1.98744 1.9972% J.7418 1.2949=0.00305 1,19606 0,064833 0.7135 0.112925
THU=0.0862307y CTH=0. 0650438 Hyx 1.737954, HT  1,741787, crz  1.7a6030, Nx &,78089
422760 24815 0,B6HLE 2,24237 1,97814 1,98729 [.7573 1.2947-0,00303 1.19488 0,066308 0.7320 0.11652%
417115 264946 0,B6212 2.24076 1.96899 1,97751 11,7726 1.2%944+0.00305 1.19572 0.067800 0.7508 0.120182
411676 25062 0.B5819 2.23908 1.95998 1,96731 11,7876 1.2941-0.00306 1419627 0,069309 0.7699 0,122897
406449 25184 0.85435 2.23733 1495114 1.95849 1.8023 1,2938-0.00306 1.19604 0,070833 0.7302 (¢.127665
401431 25311 0485062 2.2355]1 1,94266 1.,9492% 1,8168 1,2935=0.00307 1.19677 Q.072372 0.8087 0.131483
396599 25444 0,84697 2,23363 1.93389 1.,94018 1,8309 1,2933=0,00309 1.19866 0,073927 0.,8285 0.135355
391948 25582 0,84342 2423170 1.92548 1493127 1,8448 1,2930=0,00309 1.19872 0.075497 0.8486 04139280
387490 23725 0.83997 2422968 1.91722 1.92255 1.8584 1,2927=0,00309 1.19908 0.077081 0.8689 0.143248
383196 25874 0,83661 2.22762 1.90910 1.91399 1.8717 1.2924=0,00311 1.20151 0,.078670 0.A895 0,147266
279059 26027 0,83334 2,22550 1.90111 1.590559 11,8848 1.2921-0,00310 1.20142 0,080293 0,9103 0.151334
THUZ0,0823957 « CTH=0.,0805858, Hyz 1.880166. HE  1,884781, CH=  1,890%33« N= 6,84A41
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101 563,7 &44,6 1513.9 522.1 375099 26188 0,83016 2,22331 1.R9327 1,89737 11,8975 1.2918+0,00309 1.20157 0.081918 0.9313 0.155439
102 562.4 441.6 1513.6 52042 371282 26352 0,82707 2.22108 1.88556 1,A8%30 11,9099 1.2916=0.00310 120374 0,083958 0,9525 0.15959]
103 561,01 438,17 151343 318.3 367609 26527 0.82606 2.21879 1+87798 1.88138 1,9221 1.2913=0,00308 1.20309 0,085211 0.9760 0.163786
[o4 553,9 435.9 I513.0 $16.5 364096 26699 0,82116 2.21644 1.8705S 1,87363 1.9340 1,2910=0.00306 1.20272 0.086875 0.9956 0.168013
105 558.7 43342 1512.7 51447 360710 26879 0,81833 2,21404 1.86325 1,R6604 1,9455 1,2907-0.00305 1.20422 0,088550 1.0175 0.172278
106 537,6 43046 1512.4 513.1 357455 27065 0.81558 2,21160 1.85608 1,85859 1.9568 1.2904~0,00303 1.20246 0.090238 1.0396 0.]176581
107 56,5 42841 1512.2 51145 356349 27258 0.81293 2.20909 [+894905 1,85131 11,9678 1,2901=0.00299 1.20086 0,091934 1.0618 0.150304
108 555,5 425.7 1511.9 50949 351364 27455 01036 2.20695 1484216 1,84418 1,9784 },2898-0,00298 1.20083 0,093630 1.0842 04185255
109 554,5 423,4 1511.7 50846 348496 27657 0.80788 2,20396 1483538 1,83720 1,9888 1,2895-0,00294 119895 0,095356 1.1068 0.189638
110 553.5 42142 151145 20740 345759 27865 0,80548 2.20132 1.A2876 1,83037 1,9988 1,2893=-0,002089 1.19534 0.097075 1.1295 0.194033
X=119.656y OSUx 0,19943s  THUS0.1000546  CTH=0.097476%:  HUs 1,993259, HE 1,998791s CHS 2.007159s N=T 6.91436
111 652,60 4191 1sl1,2 505.6 343144 28079 0,80317 2.19866 }.52227 1.82370 2,0085 1,20890-0.0028% 1.19206 §.09850] 1.1526 0.198440
112 551.7 45740 151140 50443 340639 28293 0,80094 2,19592 1.81591 1.81718 2,0179 1,2887=0,00281 1419101 0.100535 l.1756 0.202865
113 55048 4151 151048 50340 338242 28522 0,79880 2,19316 |.80968 1.RI1079 2,0269 1.2884-0.00276 1.18749 0,102273 1.1985 0.207303
118 550,0 413,2 15l0e6 50148 335959 28752 0,79674 2,19036 1.80358 1,80456 2,0357 1,2881-0,00269 1.18197 0,104015 1.2216 0.211741 1~
115 549.3 41le4 151004 500.7 333792 28988 0,79 7T 2.18752 179763 1.79849 2,0641 [,2878-0.00262 1.L7665 0.105756 1.2449 0.216174
116 548,5 40948 15lu.3 499.6 331726 29228 0.79287 2.18465 [.7918] 1,79256 2.0521 1,2875=0,00256 117197 0,107499 1.2681 0e220603 "
117 567,8 408.1 151041 498,5 329761 29674 0.79106 2,18174 1478613 1.78677 2,0599 1,2873-0,00250 1.16648 0,109243 12915 0.225028
118 547,2 40646 1509.9 49746 327896 29725 0.78934 2.17481 1478057 1,78113 2,0673 1,2B70=0,00243 1416019 0,110986 1.3148 0229440
119 546.5 405.2 1509,8 496,6 326128 29981 0.78769 2,17684 1.77915 },77563 2,0744 1,2867-0,00235 141529} 0.112726 1.3382 0.233835
120 54640 40348 1509,5 495,7 324458 30243 0,78612 2.17265 176987 1.77028 2,0811 1,2864=0,00276 1e14407 0.114461 1.3615 0.238205
X=134.453y  DSUT 0.24598,  THU=0.1185693s  CTH#0,1149995s  Hy= 2,074552 H= 2,081109, CHs 2,0018567: N= 6,9A261
121 545.4 60245 1509.5 494,9 422890 30510 0.78464 2,16983 1476473 1,76507 2,0875 1,2861-0,00217 1.13490 0,116189 1.3048 0.262542
122 564,93 401.3 1509.4 494e) 321612 3078) 0.78325 2.16679 1.75972 1,76002 2,0935 1.2B590,00209 112591 0,117910 14080 DeZébA4s
123 546,4 400,01 1%09.3 493,3 320026 31058 0,78193 2,16373 1.75485 1.75510 2.0992 1,2856=0,00199 1411610 0,119622 1.431]1 0.251112
124 543,9 399,0 150%.1 492.6 318728 31339 0,78069 2.16065 175012 1,75032 2,1046 1,2853=0.00190 1.10550 0,121325 1,4562 0,255337 -
125 543.5 398.0 1509,0 49240  I17SLT 31625 0,77952 2.15756 1+74552 1,74569 2,1096 1.2851=0.00180 1.09417 0,123017 1.4770 0.259513
126 43,1 39Tl 15058,9 49lss 316392 31915 0.77844 2419645 1.74106 1.74119 2,1143 1,2848-0.00170 L.08218 0,124695 1,4998 0.263637
127 54247 39642 [204.9 4904 315350 32210 0.77743 2415133 1473673 1.73684 2,1186 1.2845+0,00159 L.06955 0.126359 1.5223 0.267704
128 542,3 395.4 1408,8 49,3 314390 32509 0,77650 2,14820 1.73253 1,73262 2.1276 1.2843-0,00148 1.05632 0,]28008 1.5647 0.271709
129 562,0 394,7 1504,7 o89.8 313500 32813 0.77564 2.16506 1.,72867 1,72855 2,1263 1,2840-0,00138 1.04256 0.)129639 1.5668 0.275648
130 541.7 396,0 1508,6 «89.4 312705 33120 0,77486 2.14193 1.,72454 1,72460 2,1296 1,2838=0.,00127 1.02835 0.131252 1.58R7 0.279518
Xz 1494842 DSU= 0.29005, THU=04 1366870, CTHEQ 319490 Huz 2,122034, H=  2,1295630, CHE  2,142629 N2 7,04R26
131 541,5 393,06 501,65 489.0 311977 33430 0477415 2.13B879 1472074 1.72079 2.1327 1.2835-0,00115 1.01305 0,132846 16104 0.283315
132 5641,2 39249 1508,5 48846 311326 33745 0.7715] 2.13565 1475708 1.71712 2,1354 1,2833-0.00103 099711 0,134418 1.63]8 04287031
133 541,080 392,46 1904,5 48,3 10743 3a06) 0,772%% 2.13251 1.7135%6 1.71357 2,137 1,2830-0,00092 0.98159 0,135067 1.6528 0.200666
134 540.8 391.9 I-0d.4 48840 310229 34383 0,77243 2,12938 1.71013 1,7101% 2,1399 1,2828-0,00081 0.56624 0.137495 1.6736 0,294222
135 40,7 39146 1508.4 #87.8 309778 34707 0,77199 2.12626 1.70684 1,70686 2,1417 1,2825=0,00070 0.9509]) 0.13900] L6941 0.267698 .
136 540,5 391.2 1908.3 4B87.6 309386 35033 0,77160 2.12316 1.70366 1,70368 2,1433 1,2823-0.00060 0.93543 0,]140684 1+7163 04301094
137 S40.4 -390, 150A.3 487.4 309053 3536] 0,77127 2.12007 170060 1,70061 2.1646 L.2520-0,00089 0.91930 0.1461944 L7341 023044085
138 540,3 390.7 1608.3 4a87.7 308778 35692 0.77100 2,11699 1.597656 1.69766 2,1456 1,2818-0,00038 0.90400 0,143380 1.7536 0,307637.
139 540,2 390.5 1508,3 487.1 308550 36024 0.77077 2,11393 1.69480 1,69481 2,1464 1,2816=0,00030 0.85035 0,144794 1.7729 0.310792°
140 540,2 39044 1508,2 487.0 308365 36357 0.77059 2.11090 1469205 1,69205 2,1471 1.2814=0,00021 0.87678 0.146188 Le7918 0.313877
X=165+549s DSUS 0,32721s THUZ0,1530068+  CTH=0.1470484r  Huz 2,138547, H® 2,14707T4s CHT 2.161857, N= 7.10823
141 540,1 39022 1508,2 480.9 308223 36692 0.77045 2.10789 [+65938 ,68939 2Z.14T5 1.2811-0,00013 +863T6 ,14756] L3105 0«316891
142 50,1 39042 1504,2 48649 308117 37028 D.7703% 2410490 14h8681 1.6868] 2,1478 1.2809-0.00006 0.85261 0,148915 1.82R9 0.319041
143 540,0 390.1 1504,2 486,89 308039 37365 0,77076 2,10194 1.68430 1,60430 2,1480 1.2R07<0,00000 0,86269 0.150253 1.8471 0.322739
144 540,08 360.1 140842 48648  S07T9AT 37702 0.77021 2.09901 1+AB186 1,68186 2,1480 1,2805 0.00005 0e83382 0.151577 19651 0.325588
145 540.0 39040 1501,2 48648 307956 38040 0.770LA 2.09610 1s67948 1.67948 2,1480 1,2803 0,00008 0.82686 0.152887 1.8829 0.323396
146 560,0 39040 1508.2 4864A 307937 I8377 0.77006 2.09323 1467715 1.67715 2.,1479 1.280] 0.00011 0.82141 0.154189 19007 U.331174
147 540,0 390.0 1508,2 48648 307930 IATIS 0,77016 2.09039 1+A74B6 1,67486 2.1477 1.2799 0,00013 0,51732 0,155682 1.91R3 0.333928
148 540,80 390,0 1608,2 446.8 307927 359053 6.77015 2408759 1.67261 1,67261 2,1475 1,2797 0.00014 0481471 0.156770 1.9359 04336667
149 S40.0 39040 150%.2 «86.8 307927 39390 0.77015 2404481 1+67038 1,67038 2,1473 1,2795 0.00014 0.81292 0,158055 1.9534 0,339397

X21792757s DFLTA®x 0,34409B2, THETA=(41590590, Hz  2,163337, Nz T,15648204 DELTA= 1,9534113, RE/FT= 3695124,

RE«THETA= 48979, LOGE 4469001, RE+DELTA= 601508, LOG= 5,.77924
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M ACHS& NOZILE CONTUUR, RADIAL FLOW ENDS AT STA 76,9263852s TEST CONE HEGINS AT STA 132,3126057+ SCALE FACTOR = 24,75038624
RC= £4000000 ETAD= 8.6700 DEG AMACH= 2,2AT8437 BMACH= 3,0R8215413 CHACH= 4.0000000 EMACH= ],.6601538 GMACH= 2.2878437

STAG., PRESSURE= 200, PSI, STAG. TEMPERATURE=1638, DEG Rs THROAT TEMP,x 866, DEG Re WALL TEMP.®=540. DEG Ry THROAT HT COEF,.= 0.174B2

PARABOLEIC TEMPERATURE DISTRIBUTION MODIF, SPALUING=CH] REFERENCE TEWP VAN DRIEST REFERENCE REYNOLDS NUMBER
STALINY Y {IN} DELR { IN} R{IN) OYsDx o2Y/Ox2 DA/DX DRAOX MACH NG oM/DX PESPT BETA
1 46,07585% F.742729 0.,0055163 3. 7482437 0.0 0,0445308 0,0006641 0,0006641 1,0471638 0,1289481 4,99570«01 =~4,8038D=01
2 4H.194522 34743053 040055941 37486371 0,0052790 0,0444289 0.0006795 0,0059585 1.0626027 0,1303456 4.90340=01 =4,82790-01
3 46.31724]) VuT446025 0,0056784 37497038 0.0107249 0,0443160 0.0006964 0,0114204 1,0786293 0.1308606 4.80850~0]1 =4,8187D=01
4 46,443834 32745738 0,0057677 3.7515058 0.0163271 0.0441486 0,0007156 0,0179426 1,09052300 0.1315243 4.71130=01 =4.8152D0=-01
S 46,574687 TeT4A293 00058627 3IoT54115T7 N.0220890 (.0433612 0.9007359 ,0228245 1,1124932 0.1320693 4,61130=-0] «a,B07]10=-01
& 66,709786 2.TS1637 0.0059634 3.7576009 0,0279906 0,0634400 0,0007567 0,0287473  1,1303552 0.1324678 4,50910=01 =4,79400=01
7T 46.84995%0 1. 7HGI8E  0,0060711 37620692 00340438 0.082B56T D.000T789 0.0348227 1.14R89592 0.1326094 4.40410=01 =4.77200-01
B 46,995411 3e76139% 0.0061860 3.T675796 0.040227% 0,0421265 0.0008019 0,0610298 1.1682305 041324519 4,29690=0} -4,740]1D=0]
9 47,1474)8 1a 767996 0.0063098 3.7743055 0.,0465699 0,041177T 0.00082606 0,0473963 1,.1AR3589 0.1320898 4.18670+0) =4.70180-~-01
10 47,306791 30775942 040064435 3.7823854 0,0530416 0,0399150 0.0008511 0,0538927 1.2093556 0,1311293 4.,0736D0-01 =4.64390=01
11 a47,474504 3785399 N,0065884 3.7919877 0,0596137 0.0383639 0,0008766 0,0604903 1,2312390 0,1296467 3,95800-01 -4,56980-01
12 47,65219% 4796599 0.006T465 3,8033455 0,0662758 0,0364867 0,0009022 0,06TE780 1.2541190 0,1275207 3,83940~01 =4,47600-01
13 &47,840976 3.80907H2 0.0069193 3,81664R11 0,0729462) 0,0342307 0,0009269 0,0738890 1,2779433 0.,1245724 3.,71860~0]1 =4,35720=0]

14 4B8,042344 3.H25149 0.0071085 3.8322578 0,0796000 0.0316803 0,0009509 0,0805509 1.3026785 0.1210265 3,59600-01 =4,22220+01
15 48.257882 3eR4304)  0.0073161 3.8503570 0.0861321 0.0289891 0.0009744 0,0BTI065 1.3283469 0.1173018 3.47190-01 =4,0B590=01
16 4B.4R9226 34863742 0,007S443 "3.A8712867 0.0925119 0.0262538 0,0009986 9,0935101 1,.355039% $,1138238 3,345620=01 =3,96310=01
17 4B,737829 3+BBTSH0  0.0077958 3.8953458 0.0987007 0.0236942 0.0010235 0,0997242 1.3R829205 0.1105609 3,21870-01 -3,85220-01
18 49.005786 14914845  0.,0080735 3.9229188 0.104T027 0,0212013 0,0010497 0,1057524 1.4120873 0.1075151 3,0893D=-0]1 =-3,.75300-01
19 49.294604 3.945969  (4,0083808 3.9563497 0.1104531 0.0187513 0,0010777 0,1115309 1,4427244 041047381 2,95780«01 =3,6670D=01
20 49,606502 3951325 0.0087215 349900470 0,£159113 0,0164800 0,0011075 0,1170188 1,54749409 0.1020547 2,.8244D0=01 -3,58810-01

21 494943697 44021316 040091002 440304164 041210935 0.0142664 0.0011397 0,1222336  1.5088820 040995120 2.68920-0} =~3,5180D=0]
22 504166357 44048660 0.0093566 440580171 041241092 0.0128924 0.0011610 0,1252702 1,5308817 040979907 2.60440-01 =3,47830~01
23 S0.485904 440RBIG6  0.0097325 440986085 0.17279362 0,0113023 0.0011917 0.1291280 1.5618623 040959719 2,48890=01 =3,4283D-01
24 S0.A52165 44136531 0.0101754 41467564 0,1317928 0.0094352 0.0012271 0,1330199 1.5966017 0.0938333 2,36460-01 =3,37860=01
25 51.251055 44189929 0.0106726 4.200602)1 0.1354143 0,0083961 0,0012656 0,1366800 1,6735898 0,0916764 2.23810-01 =-3,33180-01
26 S1.6758B4  4+24B214 0.0112190 4.2594329 0.1386722 0.0070360 0.0013068 0,1399790 1.672061]1 0.089558] 2.11290-01 =-3,.28910-01
27 52.1227440 5310875 0,0118127 443226R73 0.1415149 0,0058305 0.0013501 0.1428690 1,7116110 0.0874521 1.99070~01 =3,2493D=~0]
28 52,589679 44377597 0.0124533 4.3900108 0,1439769 0,0047561 0.0013955 0,14537246 1.7519140 0.0853867 1.87280-0] =3,2i290+01
2% 53.074361 GeddT92T 040131415 6,4610685 0.1460261 0,0037918 0,0014420 0,14T4687  1,7928312 0.0833563 1,75960=01 =3,17930=-01
30 53.576491 4eH21718  0.013BTB0 245355964 B,147T043 0.0029792 0,0014%14 0,1491957 1.8341515 0.0813511 1.65170=01 ~3,14790=-0]

A1 54.094777 44598672 0,0146642 446133387 0.1490542 0.0022743 0.0015416 0,1505958 1.8T75B124 0,0793805 1.54910+01 =3,11860-01
32 54.628651 4e6TBSHE 040195008 446940663 0.1500868 0.0016926 0,0015929 0.1516797 1.,9176407 0,0774225 1.45220=01 =3,09040-0]
33 55,1%7283 42761194 0.0163893 4,7775437 0.1508792 0.0012503 0.0016456 0,1525247 1.9595949 0.0755200 1.,36080=01 =3.06460-01
34 55,740017 40846257 0.0173303 4.8635878 0.1514T08 0,000879%9 0,0016987 0,153169% 2,0015440 0,0736156 1.2750D-01 =-3,0387D-01
35 56,316071 44933654 0,0183244  4.9519784 0.1518766 0.00u5B63 0,0017525 0.1536291 2.0434024 0.0717661 1419450-01 =-3,0146D-01
36 S6,904570 54023130 0.0193719 S.0425017 0,1521507 0,0003831 0,0018065 0,1539571 2,0850968 0.0699376 1411930=01 =2,9907D=01
37 57.504606 S5s114493 0,020472]1 5.1349650 0.1523300 0.0002322 0.0018601 0.1541901 2.1265044 0.,0681244 1.04920=01 =-2,95650=-01
38 58,11%220 5207949  0.0216264 5427291739 0.1524304 040001177 0,0019137 041543641  2,1675528 0.0663705 9.83930-02 -2,94350~01
39 58,735317 %e302091 040228279 543249191 0,1524740 0,0000421 0,0019671 0,15464410 2,2081710 040646682 9.23330-02 ~2,9214D-01
40 59,363844 5.397932 0,0240810 5.4220133 0,1524825 0,0000093 0,0020197 0,1%945022 2.24820849 0.0630080° 8.6714D-02 -2,8994D=01

41 60.000000 54494933 0,0253825 5.5203158 0,1524857 0.0 0.0020715 0.1545572 2,2R78437 0.0613810 841508002 =-2.87710-01
42 60.552926 RBeSTIZET  0.026%402 5.6057892 §,1524880-0,0000050 0,00621158 0,1546038 2.3214084 0.0600664 7,73390-02 -2,86020=01
43 61.1033%0 54663187 0.,0277170 5.6909039 0.1524802=0,0000214 0,0021595 0,1546398 2,3541235 0.0588206 7,34820-02 =2,84480-01
44  6],651752 5.746798 0,0289130 S5.7757114 0.1524645=0,0000383 0,0022022 0,1546666 2,3860447 0.,0576257 6,9906D~02 -2,82950=01
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sl

62.198387
62.743709
63,288164
63.832236
64,376299
64,9210846

65.467010
66,014590
66.566347
67,116843
67.672596
68.231992
68.795850
69,364555
69,938609
T0.518568

Tlel0a49209
T1.697974
72.298584
T2.907018
73.523780
Téo149298
74.783805
75.428101
T6.0082345
764 T46956

TTe8422242
78,108309
78.805862
79.5148%6
80.23568%9
80.968136
8l.712829
B2.469634
83.238552
84.019630

84,812477
85,617520
86,434259
87.262491
48,101869
88,951717
59,812142
90,682263
91561549
92.781191

94.015488
95.263554
96,525320
97,799333
99.0854954
100384135
101 ,693801
103.015063
104,346959
105.689498

54830135
5+913254
5996214
©e079073
Gelb1873
He2baTue

5327604
&ed 10632
Ae493840
6577284
hethl014
6o T45056
6aB2G4IT
64914354
6+999660
T+ 085454

Tel71760
7+25854]
7+345945
Te433961
7+522%26
Tef11682
Te701399
Te791723
T+882605
T+374029

R 065962
84158340
84251179
8344399
Be43T931
8531739
A+625753
AT719849
A.814059
B.908183

9002122
90958138
9.1891481

" 9e282042

Fe3T4299
9465806
9+556509
ELTE LTS
F+734931
+854604

94971808
104086400
10.198180
10+307006&
10s4]12998
10515847
10.615580
10a712175
104805542
16895673

0.0301283
0.0313630
00326174
0.0338918
0.0351860
0.0365006

0.0378366
0.03%91%46
0.0405743
0404197686
Q40434029
0,064B8529
040463275
0.0478283
040493551
0.0509087

0.0524911
00541007
00557407
040574114
0.0591122
10608458
0.0626106
00644094
040662428
040681098

0.0700133
040719505
0.0739254
040759373
Q. 0TT98ST
0.0800723
0.0821951
0.0843573
0+0865560
0.088793]1

0.0910671
0.0933785
0.0957236
0.0981129
041005357
0+1029906
041054826
0+1080077
0+110566]
0.1141289

0e117744s
ODsl2lsl87
01251509
0412893566
041327T40

0.1366661

0.1406126
01446040
041485469
0.152T419

5.8602635
59446174
6.0288310
641129649
641970586
6,2812030

543654410
64498266
6.5344139
6.6192606
647064173
647899094
6.8758240
6.9621818
T.049015]
71363675

T+2242513
743126815
T+40177258
744913728
7.5816383
T26T25280
747640100
T+8561328
749488479
8,0421385

B4135975¢0
842302903
Ba 3251049
844203364
5.5159371
8.611811%
8.7079484
8.8042461
8.9006154
849969758

90931894
9.1892167
Fe2845096
9.3801551
Fed T4BI4S
P 5607962
946619914
Fe 7542614
948454975
9.96B7331

10.0895528
10.2078]164
10,3233311
104360026
10.5457720
10,6525138
10.7561922
10.856T787
10+95418588

1140484151

041524383=0.0000627
0.1523961-0,0000967
0.1523330=0.0091418
041522418-0.0002009
0,1521144~-0,0002692
0.1519487=0,0003419

0.1517414=0,0004193
041514901 =0,0004997
0.1511929=0.0005832
0.1508470=0,0005703
0.1504498~0,0007622
0el439267=0,0008597
0.1494837~0.0009604
0.1489085=0,0010625
0,1482690-9,0011638
0,1475648=0,0012623

0,1467961=0,0013583
0.1459622-0.00145]11
0.1450633=0,00154058
0.1440989+0.0016281
0414306078=0,0017145
0.1419682=0,0018007
0+1407980~0,0018861
041395559=0.0019688
0.1382406=0,0020468
0.1368552=0,0021195

041354000=0.0021869
0. 13IRTTo=0,.0022469
0.1322904=0.0023016
0,}306395=0,0023527
4.1289259=0,0023982
0.1271538~0.0024388
0.1253229-0.0025757
0.1234360-0,0025082
0.1214957=0,0025381
0+1195017=0,0025669

041174553=0,0025938
0.1153568=0,0025169
0e1132111~0,0026347
0.1110227+0.,0026455
0.1087994~0.00264063
041065525=0.0026396
0.1062851=0.0026294
041020023«0,0026164
0.0997080=0,0026015
0,0965482-0.0025789

0.0933800=0,.0025529
0.0902103=0.0025220
0.0870506=0,0024860
0.08390790,0024465
0. 0807866=0.0024038
0.0776951-0.0023586
0.0746362=0,0023129
0.0716107+0,0022663
0,0686239=0,0022185
0.0656780=0,0021708

0.0022437
0,0022841
0.0023232
0.00235606
0.0023959
0.0024301

0,0024636
0.0024948
0.0025239
0.0025522
G.0025792
0+0026035
0.0026270
0.0026493
0,0026692
0,0026888

0.00270064
0.0027222
0,0027282
6.0027518
0,0027645
0.0027764
0.0027866
0.0027970
0.0028050
0.0028139

4.0028212
G.0028274
0.0028343
0.0028397
0.0028453
00028497
0,0028538
0.0028583
0,0028617
0.0028661

0.0028697
0.0028743
0,002878]
0.0028826
0.0028875
0.0028924
0.002899]
0.0029058
0.0029145
0.0029252

0.,002936])
00029509
0.0029651
0.0029770
0.0029904
040030057
0.003017]

040030281

0.,0030428
00030524

0.1546820
0.1%46802
0,154656¢2
0.l546924
041545103
0.1543788

0.1542049
0,1939849
0.1537]1468
01533993
0.1530290
0,1526003
0.1521107
fb.1515578
0,1509382
0,1502536

0,1495025
0,14868644
0.1478G15
0,1468507
0,1458323
0,1447446
0,1435846
041423525
0,1410463
0.1396691

0,.1382212
0,1367049
0,1351247
0.1334791
0.1317712
0.1300035
0.1281767
0,1262943
0,1243574
0.1223678

0,1203250
0,1182310
0.1160892
0,.1139052
0.1116869
0,109444%
0,1071842
0,10&4908]
0.1026225
0.0994733

0,0963161
0,0931612
0.0900157
0,0868849
0,0837770
0,0807008
0,0776533
0.0746388
0.,0716667
0,0687304

2.4172256
24477161
244775625
245068080
2.5354718
2,5635910

245912185
2461R3IBAT
26850950
2.6713191
2.6972864
2.7228104
2o THTIT2S
2. 7728239
2.7973472
2.R215632

2,8455195
248691629
2,8925668
2.9157299
249386209
249613088
249337327
3.0059512
3.0279603
3,0497246

3.0713107
3,0926338
3.1137755
3,1346955
3.1553882
3.1758845
3.1961171
3.2161669
3,2359485
342555157

J3.2748313
3,2938948
3.3127385
3.3312761
343696037
33676009
3.3853741
3.4028437
3,4200450
3.4432004

3,4657596
3.4878170
3,5093670
3.5303869
3.5508706
3.5708751
3,5904045
3,6093807
346279067
3.6459872

0.,0564765
00553603
0.054285T
0.05232190
0,0521503
0,051111%

0.0501117
0,.04909%5
0.04B0789
0,0470964
0.0461238
0.0451284
040441636
0.,0432111
0.0422396
0.04)3086

0.0403647
0.0394155
0,0385213
0,0375957
0,03669%T
0.0358090
0.0349]16]1
0.0340659
0.0331975
0.0323598

0.0315266
0.0306975
0.,0299100
0,0291099
0. 0283486
040275796
0.026R336
0.0261]126
0,0253917
049247095

0.0240239
0.0233783
0.0227294
0.,0221102
0.0215979
0.0209182
040203684
0.0198214
G.0193209
10186333

0.0179740
Q0173776
0.0167933
0,0162112
040156662
0.,0151618
040146382
0.0141368
0,0136893
0,0132107

6,65850-02
64345720=02
6,06080=02
S.19110-02
5.53880+02
9.30230=02

5.08010=02
4,.87100-02
4.61410-02
4448850~02
443130002
4414710=02
3,99000=02
3.84110-02
3469%8D=02
3.5656D=02

3.43T90~02
3.31660=02
3.20100~02
3.09070~02
2.98570=02
2+88530-02
27897002
2.69820-02
2461070=02
2.52720-02

2e44710+02
2.37070=02
2.29740-02
242273D=02
Ze16020=02
240959002
2403440=02
1.97530=02
1.91890=02
l+864T0=02

1.8129D=02
1.7633D0=02
1.Ti560=02
1.67010=02
16264002
1.58470=02
1,54460=02
1.50630-02
1.46960-02
1442160=02

1,3766D=02
1+433640D=02
1.2938D=02
1.,25580=02
l.22000-02
l.1860D=02
1.15390=02
1.12360=02
1.0948D0=02
1.06750~32"

=2.81470-01 .
=2.80000=01}
=2.7852D=0}
=2.76930~01
~2.7517D-01
=-2413410=-01

=2.T1700-01
=2.69780-01
=2.6767D-01
=2.65620-01
=2.63500=01
=2.61110=01
=2.58770=01 .
=2.5637D-01
-2,53730~01 ©
=2.,51220=01";

=2+4850D=01
=2.,45660=01
=2.+43000=01
=2.40050-01
=-2,37150=91
-2.3422D-01
=2.3114D+01
=2.2824D=0}
-2,25110=0]1
“2.22080=01

=-2.18980~0] -
=2.1580D=01
~2.12810=01
=2.,09630=01
=2+ 0664D=01
=2.,03680=0]
+2.00390=01 "
~1.97390-0]
~1.94300=01
=1.91400=01

=1,88380=0]
+1.85590=01"
=1.8267D=-01
=1.7989D=01
=1.77170=0}
=1.74450=0}
=1.,71980-01
=1.6945D=01
=1.67220-01
=1.64030~01

=1.6093D0=01
=1.58250=0]
=1.55530~01
=1.52690=0}
=1.50060=0}
=1.47690-01
=1,4499D=01
=1.423%90=0]
=1.40190=0]
=1.37550=01
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9¢l

101
102
103
104
105
106
107
108
to9
11¢

111
112
113
114
115
11&
17
118
1%
120

121
122
123
12+
125
126
127
128
129
130

13k
i3z
133
134
135
136
137
138
139
140

141
142
143
146
145
146
147
148
149

STA

107,04288%
108.406158
109,.779387
F11.162793
112.55%4061
113.957469
115.368960
116,.,789148
118,21832%
119,655785

121+101604
122.555756
124.017588
125.487078
126.964204
128.,448371
129.939660
131.437526
132.941993
1344452558

135.9690%3
137.491440
139.019115
140.552042
142,089762
143,632160
145.,178800
l46.729536
148.283950
149,.841872

151,402906
152.,966864
1544533406
156.102220
157673105
159.,245731
160.819901
1624395337
163,971791
165.549089

167.127015
168,705380
170,284056
171.8628%98
173.441792
176.020669
176.599460
178,178127
179.756652

46,0609864

10.982573
11066175
11146487
11.22355]
11297273
11367745
112434990
11+499005
114559845
11617518

114672074
11723567
11772029
114817529
11660135
1148999}4
114936950
11971313
124003083
124032331

172059147
12+083627
12+105872
12125991
124144091
12e160276
12174650
12.187326
124198419
12+7080a]

124216303
124223318
127229209
124234090
124238074
124241279
124263791
124265725
124247171
124248214

17.248938
174249617
12249711
1242498178
124249955
12249998
12250008
i2+4250003
124250000

yas

#.1568759
G.l1610578
0.1652857
041695469
0.1738494
0.ETE191S
D.}825558
0.1869513
0.1913802
041956242

0.2002828
0.2047620
0.2092558
0.2137532
0.2182468
042227397
042272299
0.2317102
0.2361758
02406179

042450280
0e2094077
Ne2537512
02580543
02623106
2665156
022706641
02747517
0.278773%
N.2827273

0.2806074
0.2908067
0.29412647
0.2977629
03013211
0.3047986
J.3n81933
0.3116025
§.3)47358
0.3178987

0.3209899
0.3240170
0.3269903
063299144
03327975
03356503
03384795
03412934
0+3440987

3,7482388.

11.1394492
11.2272328
11.3k17732
11.3930778
1144711272
1145459365
1146175455
11.6859567
11.7812254
11.8133419

11.8723568
19283285
11+9812853
12.0312820
12.0783820
1241226533
12.1641803
12.2030234
1242392588
1242729487

12.3041751
1243330347
1243596730
123840457
12.4064013
1244267920
1244453143
12.4620781
12.4771932
12.4907688

12.5029103
172137252
12523334)
12.5318526
1245393955
12.5460732
125519845
1245572270
12.5619065
12.506112R8

1249699276
12.5734338
12.5TAT017
12.579792%9
12.5827620
1245856485
12.5884859

0.0627721=0,002]1236
0.0509095=0,0020755
0.0570929=0.0020260
0.0543252-0,0019745
6.0516121~0,0019209
0¢.048957%-0,.0018652
0.0463622-0.,0018121
0.,043B8256=0,00}7596
040413490=0,0017080
0.0389309-0.0016557

0.0365756=0,0016024
0403428544=0,0015486
0,0320603=0.0014938
0,0299061=0,0014373
0,0273254=0,0013797
0.0258210=0,0013227
0.0238904~0,0012680
0,0220311=0.0012155
0.0202414~0.,0011633
0.0183241=0,0011095

0.0168830«0.00L0538
0.2153221-0,0009%64
0.0138443=0,0009330
0.0124486=0.,0008831
0.0111330=0,0008293
0.0098946~0,00G7765
6.0087347~0.0007228
0400769%9=0.0006692
0.,0066569=0,0006173
0,005736¢T=0,0005667

0,0048894=0,0005157
0.0041234=0.000ub04
0.0034359=0.00us145
0,0028239=0.0003663
0.0022859=-0.,0003204
0.0018169=0,0002T74
N1.0014130=0.0002364
0,0010723-0,0001978
0.,0007895=0,000i624
G.0005600-0.0001295

0.0003811-0.0000998
0s0002451=0,0000T44
0.0001462=0,0000522
6.0000802~0,0000363
0,0000379=0.0000212
0.0000133=0.0000115
0.0000017=0.0000048

12+5912968=0,0000020-0.0000005

12.5940947

D2a/DX2= 0.000130108,

0.0 0.0

0.0030610
0.0030732
0+0030795
0.06030848
0.0030932
0.0030945
00030935
0.0030969
0.0030953
0.0030877

0.00205820
0.0030772
0.0030673
0.0030514
0,0030347
0,0030191
0.003001}
G.0029797
0.0029545
0.+0029244

0.0028923
0.002860%
0.0028253
G,0027876
0.0027472
0.0027043
0.0026591
0.0026118
040025626
0.,0025116

0.0024575
0.0024013
Q.0023402
0.0022921
0.0n22382
0.0021839
0.0021285%
D.0020758
0.,002028%
0.0019822

0.0019384
0.0019006
0.0018677
0.0018390
6.0018154
0.00179%
0.0017872
0.0017793
0.0017746

0,.0658331
0.0629826
0.0601724
0,0574100
0,0547653
0,0920520
0,049455%6
0,0469235
0,0468443
0,0420186

0,0396576
0,0373616
0.0351876
0,0329575
0,0308%91
0,0288%0]1
0.0258914
6.0250108
0.,0231958
.0214485

0.,0197753
6.0181822
0.0k66097
0,0152362
0,0138802
0,0125988
0.0113938
0.0102677
0,0092195
0.09824063

0,0073469
0,0065248
0.0057821
0,0051160
0,0045241
0.0040008
0.003541%
0.003148]
0,0028176
0,0025422

0.002319%5
0.0021457
0,0020k40
0,0019192
0,0018544
0.001at27
0,00]7889
0,0017778
0.00177046

D2R/NX2= 0,044660860,

3,6635161
3.6806240
3.6972824
3.7134107
37291180
3.7443916
3.7591219
3,7734273
3,7873119
3.8006914

3.8135937
1.8260686
3.8381050
38496669
3.8607358
3,8713637
3.R815507
3.8912901
3.9005824
349094140

3.9177645
3,9256728
3.9331370
3.9401601
3,9467425
3,9%28889
3.95R6023
3.963889%
3.9687563
3.9732116

3.9772645
3.980%020
3.,9R41501
3.9RT0320
3.,9R895641
3.9917639
3.,9936403
3.9951934
3.9964793
3.9975219

3.9983248
3,9989255
3.9993651
3.9996582
3.99983A81
3,999%408
3,9999845
3.9999980
4.0000000

vISCID

0.9127512
0.0123407
0.0118%955
D.011469)
0.0110870
0.0106658
G.0102550
0.0098946
0.0095129
0.,0091164

0.0037518
0,0084067
0.0080513
0.0076813
0.,0073276
0,0069963
0.0066670
0.0063397
0.0060118
0,0056768

0.0053509
0.0050407
0.0047340
00044313
0.0041320
0.0038397
00035520
0,0032704
0,0029955
0.0027282

00024612
0,0021997
0.0019553
049017245
0,0015054
0.0012955
0.0010889
0.0009008
0,0007384
0.0005849

0,0006447
¢.0003295
0.0002321
0.0001498
¢.0000895
0.0000464
0,000018}
0.0000049
0.0

1.0418D«02
1.01730=02
9,.94030=03
9.72070=03
9.51200~03
9.,31370=03
9.12670=01
B8494900-03
B8,78020=03
8.62080-03

8.4T010=03
8.32710-03
8.19160~03
8,06380-03
Te94340-03
T.82970=03
7.72230=-03
T+62120=-03
7.52610-03
T,43690-03

743537003
Te27570=03
7.20300=-03
7.13530=03
T40725D-03
Te0144D=03
6496090-02
6.91170=03
6,866RD=03
6,82600=03

6.78910-03
6. 75670=03
6.72690-03
6.,70110-03
6,6784D=03
6.65890-03
6,64270=013
6.62840=03
6,61T710=03
6.60790=03

6.60080=03
6,549550=~03
6.59170=03
6,58910=03
6.58750=-03
6.58660~03
6.58620~03
6,.,58610=-03
6.5861D0=03

RC= $,97373108

=1.34980~01
-1,32810=-01
=1.30140=01
«1.2754D=01
=1.2531D~01
=1.22530=01
~1419720=01
=1.17380-01
=1.14660=01
=1,11660~0}

=1.0890D0~01
=1.06260=01
=1.03370=01
-1.00150=0]
=-9.7024D=02
=-9,40610=02
-5,10010=02
~8,78440=02
=8.4550D«02
-8,10240=02

~7,743950=-02
=7.,4066D-02
=7.056]1D=02
=5 46990D=02
=6,33600=02
=5.96820~02
=5.5967T0=02
=5.22270~02
=4 ,84770=02
=-4,47310=02

-4, 08760=02
=3.70010=02
-3.33020=02
=2.9734D=02
-2.,627L10=-02
-2.28780=02
-1.94560-02
=1.62800-02
-] ,34960=02
=1,08110-02

-B,30960=03
~6,2232D=03
=4,4294D-03
-2,8891D=03
=1.74420-03
=3.1300D=04
~3.6011D-04
-9,84020=05
n.o

£€9-84-9.1-0Q3V



Let

MACHS® COORDINATES AND DERIVATIVESs LENGTH = 133,6956656

x{INY

464000986
4B, 000000
504000000
52.000000
24+ 000000
S6.000000
584000000
60.000000
624090000
664000000
664000000

GH4 000000
Tu. 000000
7249000000
1a.,000000
To.000000
13.000000
80090000
B2.000000
844000009
B64000000

&8.,000000
90.000000
92,00000¢
94 ,000000
96, 070000
958.000000
100.000000
102006000
104000000

106,000000

108000009
1104000000
112,090000
11&4.000000
116.000000
1182000000
120.000000
122.000000
1244000000
126.000000

12B.,000000
130.000000
132,000000
134,0043000Q
136,000000
138,000009
140,000000
142.000000
144 ,000000
146,900000

v iIN)

3.748239
3.828872
4+037350
4. A051R7
4 ,599067
44903648
542113591
S5.520316
5.829576¢
64138901
5.447580

&.7544A3
T. 058280
7.357525
T 650897
1.937226
84215470
B.484813
R, 144656
H,9046573
9,234248

G eb3443
F.682080
9.890242
10,088061
19,275706
10.453387
10.621344
10,¥79854
10929194
11,069648

11.201486

11324996

114640445
11.548148
11.648387
11.743482
11.8277T02
114907330
11.580667
12.,047989

1210959
12.165800
12.216891
1zZ.263132
124304785
124342143
122375503
124405153
124431367
124454409

Dy/OX

0.0

7.928752760=02
1.231080500-01
1,422190129D=0]
1.504338720~01
1.534265540=01
1.543314570=01
1.,545560260~01
1.546802720=01
1.545848900~01
1.539992030=01)

1.527948470=01
1.508777080=01
1.43256053D0~01
1+450194950=01
1.412222640=01
1+369524660=01
1.323377850=01
1.274704390=¢1
1.224221840=01
1.172335770=01

1.11956199D=0]
1.066895860=01
1+014A4659D=01
9,534882080-02
9,1312951180=02
8.6386684330=02
B8.159527320U-02
7+.69378839D=02
7+ 24243454D=02
6.804791130=02

6,381499830=02

. 5,97}1422350=02

5.576349B40-02
5.195096530=02
4,830811190=02
4.480880220=-02
#4143522670=02
3.821807570=02
3,514180090=02
3.220385630=02

2494276241002
2.6R0149790-02
2+63117T2730=02

2.195079550=02

1.,972754010=02
1.765517960=02
1.572884230=02
1+394416440=02
1.22912949D=02
1,077353810=-02

ANGLE

0.0
4,533356300 00
7.01B258590 00
8,093769320 00
8.555076090 00
8,722675330 09
8,773323200 Qo
8,7T85890300 00
8,192842860 00
8,T78T505500 04
8,754 T2R3IB0 00

8.,687310280 (0
B.579961610 vo
B8,433018670 00
B8.251481230 00
4,03828318D0 o0
7. 738284970 00
7.538591680 00
74264341800 o0
6,979544820 00
6.086468370 00

6,388016790 00
6,08982658D0 00
S.794803160 00
5,50339369D 00
5,217377890 00
4,93734392D0 00
4,664730830 00
4,399548740 00
44142376780 00
3,8928%6880 00

3.651378870 00
3,417315050 00
34191707570 00
24974411830 Q0
2.7657006850 00
2.,56563905) 00
2.372706230 00
2.188669250 00
2,012648650 00
1,844507590 Q0

1.685603660 00
1.,535265190 00
1.392685060 00
1.25T48600D 00
1.130158190 00
1.011462190 00
9,011219710=-01
7.93888848D-01
7.042038580=01
6,172543810~01

D2y/sDx2

%.46608590D-02
3.233121120-02
14386269750-02
6.177612540~03
2+446559730=03
T.895883750=04
2+044309060=04
1.17939093D=04
24740835130-05
=1+556272140=04
=44 40629 TAND=04

=7+ 75590073004
=14145012590-03
=14468822230=03
=1.76461079D=03
=2+ 03338A590=03
-2+228155%6D=03
=2+375525270=03
=2,482244430=03
=2.,561567750-03
-2,622812320=03

=2.65025211D=-03
=-22623063850=03
=24586320390=-03
=2, S426B6A5D=03
=2+421214ATD=03
~2.433364030=03

+2.35869491D=-03 -

=2429791341D=03
=2.217338260-03
=2.158093120=03

=2.079367280=03
=2.020254400=03
=1493494923D-03

=1.8710Tak4D+~02

«1.78371679D=03
=1+722059550~03
=1+648198760=03
«1,57234891D0-03
=1+503872240~03
=l+430333420-03

=1.34894274D=03
=14278463020=03
=1.212328450-03
~1+14751593D0=03
=~1.074282300=03
=949%0153030=04
~9e272061620=04
~#.583803270=04
=72936860460=04
=T .242758240=04

£€9-84-HA-003V



8¢l

M A GHS& CUQRDINATES AND DERIVATIVES: LENGTH = 133,6956656

%LINY

148.000000
150.000000
1%2.000000
154,000000
156,000000
198,000000
16G,.,000000
162,000000
164,000000
166,000000

168,000000
170,000000
172.000000

YOI

12.474553
12.492063
12.507192
124520192
12.531329
17.540852
124548996
12.555969
L2+56]1986
12+56723%

12571500
12.576128
12.580055

Oy /DX

9.392165340-03
8.139532360=-03
T«009309710~03
6401328645003
Sel144374780=03
4,3988]16680~03
3.762222270=03
3.229019150-03
2.803381380+03
2+464070180=03

2421052027003
22028398440=03
1.907851380=-02

ANGLE

5,381156120=01
4 ,66350553D=01
4,015972870-01
3,445317820~01
2.94T483630=01
2,520320050=01
2+155584410=01
1.85008526D0-01
1,606215010+01
1,41180536D=01

1.266532760-01
1.1562185100=01
1.093115990~01

02Ys0%2

=6,58091366D=04
=5.950398690~04
=5,325294610=-04
=4,65704477D=04
-4,032247070=04
=3,43757846D=04
=2+93142352D=04
~2.2T7T84049D~04
=1.901960570=04
-1.,483662230~04

=1.077258170~04
=7.52059936D=05
=4 ,62866371D=05

£9-8LHL-2a3V



A%

a%

AEDC-TR-78-63

NOMENCLATURE

Avea

Exit area, inviscid contour
Sonic area

Sonic speed

Factor in logarithmic skin friction law,

Eq. (77)
Coefficients, Eq. (35)

Ratio of actual mass flow te that if R were

infinite
Skin friction coefficient, compressible
Skin friction coefficient, incompressible

Specific heat at constant pressure

. Coefficients, Eq. (37)

Ratio, Cfi/Cf

Multiplying factors, Eq. (97}

Ratio, Ry /Re
i c

‘Multiplying factors, Egs. (94) and (96)
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AEDC-TR-78-63

In

log

Pr

Ratio, 8%/@

Heat-transfer coefficient

Streamline curvature

Natural logarithm (base &)

Common logarithm (Base 10)

Mach number

Exponent in Eq. (90)

Velocity profile exponent

Distance normal to streamline

Factors in axisymmetric characteristics

equations

Coefficient of & at nth point on contour
Prandtl number

Factor related to heat transfer, Eq. (91)
Coefficient in momentum equation

Velocity along streamline or, in boundary-
layer equations, velocity within boundary

layer

Velocity at edge of boundary layer
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Rg

AEDC-TR-78-63

Ratio of throat radius of curvature to

throat radius (half height, g = 0)

Gas constant, ftzlseczR

Reynolds number based on §, cqmpressible
Incompressible Reynolds number

Reynolds number based on ec, compressible
Incompressible Reynolds number

Distance from source

Distance from source where M = 1, used to
non-dimensionalize distances for inviscid
calculations

Radius of viscid contour

R+ 1

Cubic integration increments, Appendix B
Temperature within boundary layer
Adiabatic wall temperature

Reference temperature, Eq. (87)

Free-stream’temperature at edge of

inviscid contour
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AEDC-TR-78-63

Wall temperature
Wall temperature at nozzle exit
Wall temperature at nozzle throat

Axial component of velocity, normalized

by a#*

Normal component of velocity, normalized by

a%

Velocity along streamline, normalized by a¥*
Ratio in Eq. (36) or (38)

Axial distance, normalized by Yo in transonic
equations, normalized by rq in inviscid
calculations, not normalized in boundary-
layer calculations

Normal distance, normalized same as x

Throat half height, used to normalize

¥ and y in transonic calculations
Theoretical throat height if R is infinite
Function of x in transonic equations, or

distance normal to contour in boundary-layer

calculations
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8%

AEDC-TR-78-63

Mean angle of right-running characteristic,
or factor in temperature distribution in
boundary layer o

Mean angle of left-running characteristic

Prefix to indicate increment in value

Specific heat ratio
Boundary-layer thickness
Displacement thickness in boundary layer

Displacement thickness when boundary layer

is large relative to T,

Incompressible displacement thickness in boundary

layer

Distance along_left-running characteristic

Inflection angle, radians

Momentum thickness in boundary layer

Momentum thickness when boundary layer

is large relative to .
Compressible 6 for flat plate
Incompressible value of 6

Kinematic momentum thickness
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AEDC-TR-78-63

en Value of 8 at nth point on contour
K Constant in logarithmic skin-friction law
1
1+ 2
a
A [(y+ 1)8:'
¢ . =1

u Mach angle, sin  (1/M)
M, Viscosity at value of TC
Mo Viscosity at value of Te
i Viscosity at value of T
W W
£ Distance along right-running characteristic
I Wake variable in logarithmic skin-friction law
p Density within boundary layer
Pa Density at edge of boundary layer
g Zero for planar flow, 1 for axisymmetric flow
¢ Flow angle
¢W Flow angle of viscid contour
P Prandtl-Meyer angle
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AEDC-TR-78-63

- SUBSCRIPTS

1 Values at point 1 on right-running
characteristic

2 Values at point 2 on left-running
characteristic

3 Values at intersection of characteristics

A,B,C,D,E, Variables evaluated at points on Figs.

¥,6,1,3,T 1 through 4

a,b,c With u and v, values corresponding to first-,

second-, and third-order approximations,

respectively

OTHER NOTATION
g d/dx

QUTPUT NOMENCLATURE

BETA Pressure gradient parameter
2 5% dPp/dx
yM? PpCy
Cc(Y) ‘ Coefficient of third-degree term if throat

contour is akcubic

C(YI) | Coefficient of third-degree term if integrated

throat contour is a cubic
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AEDC-TR-78-63

C(¥P)

D2A/DX2

D2R/DX2

DA/DX
DELR (IN)
DELTA%*
DELTA%* - 1
MY

HYP/YO

ICY

IyT.Y/Yo

KCF
KCFI

KCFS

Coefficient of third-degree term determined

from slope of contour

v

Second derivative of boundary-layer correction

evaluated at the throat

Second derivative of corrected contour

evaluated at the thrpat

Slope of boundary-layer correction

Boundary~layer correction to inviscid centour

62 from Eq. (66)
&% from Eq. (63)
Bracketed term in Eq. (61)

Value of hyperbola with same throat curvature

ratio

10° [C(YI) - c(Yi] for Point 2

Value of Y/Y0 obtained by integrating contour

slopes starting at inflection point

1000 C

f
1000 C

fi
KCF sec ¢W
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KTHP

MASS

PAR/YO

PE/PQ

R(IN)

RMASS

RTHI

SMPP

SMPPP

THETA - 1

WE

WI

Wo

WOFPPP

AEDC-TR-78-63

1000 d68/dx
Result of mass integration aleng characteristic
EG or AR (measure of éccuracy of numerical

integration)

Value of parabola with same throat curvature

ratio
Ratio of static to stagnation pressure

Ordinate of viscid contour

1/ (1+0)
Cp

Incompressible Reynolds number based on

momentum thickness

Second derivative of Mach number in source

flow evaluated for BMACH

Third derivative of Mach number in source flow
evaluated for BMACH

& from Eq. (62) used in Eq. (61)
Velocity ratio at Point E (Fig. 3)
Velocity ratio at Point T (Fig. 3)

Velocity ratio on axis at throat

Third derivative of throat velocity distribution
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AEDC-TR-78-63

WRPPP Third derivative of vélocity ratio In source

flow evaluated at WE

WWO Velocit& ratio on wall at throat
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